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1.0 Introduction

i

This manual provides programming information applicable to g
the Goddard Orbit Determination Program, Phase II. It should bg
useful both to the programmer who may wish to modify the program
and to the user who may be interested in details within the various
subroutines employed. |

Since the progfem is coded entirely in FORTRAgM}V, the listings
provide easily decipherable information. This manual supplements
the listings by providing definitibns of terms in COMMON and terms
found only within a subroutine as well as detailed flow diagrams
of each subroutine.

This manual is organized in the following manner:

In Section 2., a brief general description of the operational
sub-programs which make up the complete Orbit Determination and
Trajectory Generation Program is given.
fg‘Section 3., a system description of the over-all program
flow in the minimum variance method is provided. Details of
matrix manipulation are given for cases of particular importance.

A generalized flow diagram showing the interaction of the MAIN,
SUMARY and EXEC subroutines with the STAT subroutine are included
in this section.

In Section 4., & system description of the over-all program
flow in the Bayes estimation method is provided. Details of tape
formats and methods of matrix manipulation are given for cases of
particular importance. A generalized flow diagram showing the
interaction of the MAIN, SUMARY and the EXEC subroutines with the
BAYES subroutine are included in this section.

-]l=




In Section 5., lists of COMMON symbols and their definitions
are given. These lists apply to each of the three sub-programs;
EXECA, EXECB1l, and EXECB2.

Section 6. provides descriptions of each of the subroutines
in the program along with applicable flow diagrams. Because of
the similarity of many of the routines, references to related
routines are used extensively to avoid repitition. When applicable,
the subroutine description refers.to the Analytical Manuaf (Ref. 1)
which describes the equations used in the subroutine. When equa-
tions are not provided by the Analyt@calAManual, they are supplied
herein.

Finally, Section 7. lists the References used.

‘This manual was prepared under Contract NAS 5-3509 for the
Theoretical‘Division (Special Projects Branch) of the Goddard

Space Flight Center, Gréenbelt, Maryland.




2.0 General Program Description

The program is divided into four separate sub-programs:

1.

EXECA - Generates trajectoryvinformation only using eijither
Cowell's or Fncke's method.

EXECB1l - Generates statistical information using either
Cowell's or Encke's method fofmfhe trajectory and Bayes
Estimation or Minimum Variance for the statistical filter
procéssing. This program_considers only the six variables
describing the vehicle's position and velocity as states
to be statistically determined.

EXECB2 (A) - Generates statistical information using either
Cowell's or Encke's method .for the trajectory and minimum
variance for the statistical processing. This program
considers not only the six variables describing the
vehicle’s position and velocity as states but also up

to 20 additional states can be selected from a number

of variables such as station locations, gravitational
parameters, and the velocity of light.

EXECB2 (B) - Same as EXECB2 (A) except that the statistical
formulation is by Bayes Estimation rather than Minimum
Variance. Sub-programs 3 and 4 can be combined to be
equivalent to the form of EXECBl. However, storage
limitations of version 9 of IBSYS makes this mode im-
practical. Versions 12 and 13 of IBSYS, with several

hundred fewer locations required by the system, will




perhaps make this a feésible mode of operation. Similarly,
B2MAIN can be written in subroutine form so that when one
type of statistics is being employed, the part of MAIN
corresponding to the second statistical method can be made
a dummy, thereby making the composite program small enough
to fit into version 9. It is not likely that any great
advantage can be achieved by utilizing this mode of opera-
tioﬁ.

The general structure of these programs, their operation
under "stand alone” systems and a recommended approach

to their operation under D.C.S. is given in Reference 2.

3.0 Program Description, Minjmum Variance Method

“The main flow of statistical filtering using the Minimum
Variance Method is mechanized in this program by the MAIN and STAT
subroutines. Because of the sihilarity in the Bl (minimum states)
and B2 (variable states) programs, the use of MAIN and STAT in the
following discussion will imply elther the Bl or B2 versions Qf'the
subroutines. Differences in the two versions will be indicated

where they exist.

3.1 Minimum Variance Statistics, General Procedures
3.1.1 Modes
3.1.1.1 Mode Functions
There are six "modes® of operation available selectable by

the user. A description of each mode in the program followss




l'

2.

Process Real Data

The data tape is read, data elimination on the basis of
input criteria is established by the sub-section of MAIN
called "record" and the remaining points are processed.
A summary is given, if requested by the user.
Process Synthetic Data |
A data tape, containing no error, is written by the EXECA
(tfajectbry generation) program. This tape is read as in

Mode 1, but noise from a random noise generator (subroutine

FLORNG) is added.
Error Analysis
A data tape is generated in EXECA as described for mode
2. However, when it is read by this mode the program
assumes that the residual is zero; that is, it is assumed
that no measurement error exists. The remaining action
of the program is as in modes 1 and 2, above. The
covariance matrix is propagated between data points. It
is modified to reflect the inclusion of information at a
data point exactly as if real data were being processed,
with the exception that the residual is zero.
Data Scan
The data tape is read exactly as in modes 1, 2, and 3 above.
However, no matrix manipulation is involved since the only
desired output is that from the SUMARY routine. The diff-
erence between the measured and estimated (computed) values

of an observation type is the primary output.




5. Propagation of Frror
Data is not used in this mode. The input state covariance
matrix is propagated to future times, and is printed at
these times, to indicate the growth of the matrix.
6. Miss Coefficients
This mode is similar to mode 5 excebt that an offset in
the states at the initial time is propagated to future
timés and printed to indicate the growth of error.
3.1.1.2 Matrix Flow
The matrix flow involved in the above modes will be described
in this sections |
A. Input/Output
Either the P matrix (covariance of position and velocity
states) or the Q matrix (covariance of alpha-parameter
stﬁtes) can be inputted. The program computes in the
alpha-states so conversions may be required. In INPUT,

{f P is the inputted quantity, the following conversion

is made

Q (to) = S - (.La\ Plt”' 5 —)(;:O) .

In the output, if the P matrix is needed, the following

conversion is mades
Pét) = Sct) Ge) S"r('c)

B. 1Input/Output (mode 6)

In mode 6, the input/output is the deviation between off-

nominal and nominal states and is in the position/velocity

b=
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coordinate system. The units are the same as the units
selected for the output of the states, themselves.
Program Flow, MAIN and STAT Routines (modes 1, 2, 3, 5)
Matrix flow for the standard data processing modes is
given by the following stepss

Input P, or Q, and convert, if needed, as described
above.

(INPUT)

Integrate and find that rectification is required at tr
Compute y i, £,)

Rectify

Let At b)) $ler,c.)

(MAIN)

Integrate from t, to data point ty

Compute Yic,,¢t,)

Compute yltd, to) = W, ¢,) Nie,, ¢,) '

(MAIN)

Translate Qo to Q (tgz)

ALy ) ~ ylg, &) &, ¢ Tie,,e)
(STAT)

e

Translate Q across a data point®*¥

Qi = @)= 0up) Wig) Wig) Q) Wy +2T N Gcs)
STAT

*%* This step is bypassed in Mode 5.

.



Syep 63 For print-out purposes, compute P.(ta)
PLL“’) - 5,»“_ (o) Que) o (é%)
(STAT)
Step 7: Integrate to subsequent point, either data, non-data
rectification, or tmax |
Rectify after data are assimilated in Step 5
Set 4 matrix to I
Intégrate to next point (called t' here to indicate
any one of the three conditions)
. Compute  § (t)¢y)
*Compute S. (') égr means S matrix before
be rectification, i.e., all
coordinates are referenced to

original reference body.

Rectify at t'
*Compute S;th? ‘S._ means S matrix after
rectification, i.e., all

coordinates are referenced to
new reference body.

Let  Alé4,t.): Sante') Sy ¢e') e i)
(MAIN)

Step 8: Translate Q (td) to t°
Qe - 14 (¢5éy) G e, ,4'#4L;z4)

Step 9: If translation of the Q at t,,x back tco Q at T, is

requested, switch to mode 5.

Step 10s Print

*Only if reason for rectification is reference body change. Tf not,
Sar and SS% are unit matrices.




D.

Step 1:

Step 23

Step 3

Step 4:

Step 53

Step 61

Step 7

Program Flow, MAIN and STAT Rcutines, Mode 6
Input AX, deviation from nominal states
(1INPUT)
Compute S?kﬂ
Integrate and find that a rectification is required
at tr
Compute Y (¢t,,25)
Recfify
Let  Altr,go)- W (2,¢,)
(MA IN)
Integrate from tr to print ﬁoint,'th
Compute ¢(qpltr)
Compute  Pley, £ Y ltp, 2,) Ates )
(MAIN) '
Convert ’yy(tp, to) to its equivalent form in Position/
Velocity coordinates,j;
Compute Sg)
Compute Step) ¥ §lep, &)
Compute ?ttplt‘,)z[sfa S—(‘t,) s S"E,) computed in Step 2
(STAT)
Compute miss4coefficients at time
BXetp) = §(2p,2,) AR L2,)
(STAT)

Print AX (tp)

-
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Step 81 Repeat process for next print time
Let to = t,
Let Lhy o aidp)
Return to Step 2 and repeat;
(MA IN)
3.1.2 Timing
In Minimum Variance statistics, a recursive formulation is
employed. Information about the best estimate of the trajectory
is accrued as each data point is processed. This formulation
allows continuous processing of data and requires no jteration.
The concept of "arc length" or “batchllength' does not exist as
it does in the Bayes statistical method.
}n this program, however, the concept of "iteration® can be
employed, if needed: This has significance only when the estimate
of the initial portion of the trajectory is needed with high

accuracy. Figure 1 illustrates how faulty initial conditions

can lead to large errors during the early part of the trajectory.
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The program processes data to TMAX] (solid line), can integrate
back to TZFRO (dashed line) and terminate ai this point. The dashed
line would be the best estimate of the trajectory from all of the
data which had accrued through TMAX1. Since, in general, the
user is interested in the best estimate of the trajectory at some
time in the future, these improved initial conditions at TZERO can
be used in reprocessing the data either to TMAX1l or to a later time,
TMAX 2.

Also, in some cases, the usef might request a different program
mode_after the first pass through the data.

As the program time, t, completes a passage from TZERO to TMAX
or from TMAX to TZERO, a counter is incremented by 1. This is
called a "PASS"™. The number of passes is compared against an
inpufted maximum number of passes. When they are equal, the program
tests to see if the user has requested a second run through the data
with TMAX being defined as TMAX2. If it is found that this condi-
tion exists, the program is re-initialized and continues until all
conditions for termination are met.

The following table illustrates the conditions for each case:

Program Inputted Value Inputted Value
Definition Symbol for First TMAX for Second TMAX
Max Time of TMAX TMAX TMAX?2
Iteration
Max Number PASF PASFX PASS?2

of Passes

The internal symbol ITER2 is set to O for the first TMAX and

to 1 for the second TMAX.




When the progrem:. is in modo 4, or when ‘the user requests the
summary print in modes l, 2, or 3, the program returns to the EXFC
routine which, in turn, calls’ SUMARY. The overall flow of the

program is shown in figure 2.

3.2 Minimum Variance Statistics, Detailed Procedures
3.2.1 Matrix Manipulation by Partitioning
Storage limitations in the B2 (variable states) mode has made
it necessary to do most of the matrix wultiplication by paititioning
of the matrices involved. Illustration of the procedures utilized
will be made for the cases:

P =S Q S* and
= A a A

3.2.1.1Conversion of Q to P

The equation, P « S Q S* can be written ast

" Prese) ! Ao | [staa! o] Qe ! cu.ﬂ[ st ! o)
— e e w ] - v - - = —— == PN ———— . - J E
AT ' Binan) o ¢ T c* | D(’“":' > A
! L ' ! | L g
Thereforet
s'e' ! sc’ st' to
C | D o ' T
R R |
_S'Q'(SP) _:_ s'c - SIQI(S})I : sc¢” 1
e e T et T

Thus, the upper left hand of P is computed by multiplication
of 6 x 6 matrices, the lower right hand (n x n) partition requires
no multiplication, the upper right hand partition is found from the
multiplication of a (6 x 6) by (6 x n) matrices, and the lower left

hand partition is the transpose of the upper right hand,

:ig-
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3.2.1,2Conversion of Q (To) to Q (td)

The equation, Q e Awe) Qo A ?c,e.) can be written as

O A el | [@lun | oo )
[ o | I |
.’.!{;‘f‘:’_)- 2
Ve ; I
(A@'rpct) V' AC+yp _‘/\" b o
" .C;-_. S : ..,.q;..j ~-;..
(Aa"+¢é*)A*re|c tpo)y” ; AC +¢0
R o

Thus, the updated Q matrix is made up of an upper left (6 x 6)
composed of multiplications of several matrices, The upper right
and lower left hand partitions of the natrix.'which are transposes,

are identical to ope poftlon of the matrix which makes up the upper

-l4-




“left (6 x 6). This fact saves recomputing these parts. Finally,
"the lower right (n x n ) of the Q matrix remains unchanged by the
translation through the state transition matrix.
3.2.2 Data Rejection

The data rejection process takes place in the STAT routine
and consists of comparing the measured residual against the
statistical estimate of the residual. If the actual residual
falls outside of K sigma times the statistical estimate, it can
be rejected if the input flag, IRDATA, is set to 1.

If the data errors were truly randomly distributed, this
test would not be necessary. However, it has been found that
in many cases, catastrophic errors in fhe data are indicated.
These errors are evidently transient in nature and are not
included in estimafes of the observation instruments standard
deviation.

This part of STAT has been initialized by priming the arrays,
B (25 x 2) and AREJ (25), which are utilized for printing summary
information. The observed data deviations from computed data are
stored in particular rows of B . For types other than observed
data, the deviations have been set to O. The AREJ region contains

BCD information initially equal to blanks.

The M matrix is a rectangular array having dimensions (Nd, n).»*

It is computed by reference to the partials subroutine. This routine

4

can reduce the value of Nd. In such a case, the particular AREJ wuld

* N, is the number of simultaneously measured data parts
n is the number of states being considered

-1%-




be set to "$". Thus, in SUMARY, the user can readily identify the
reason for the rejection of a point. The main processing of the
data point is ignored if this reduction produces a zero value for
Ng. If Ng is not reduced to zero, the routine performs the
following matrix computations.

N =MS

Y = N QN* + 32
Data rejection occurs if

e ——

'JK;fv: Foest  x0Y )

£ LT e

where

Yk K is the variance of the uncertainty in the Kth observation
’ due to uncertainties in the state

;2k,k is the covariance of ;he uncertainty in the Kth observa-

tion due to uncertainties in the instrumentation.

FSGM in the above equations is an inputted quantity correspond-
ing to the number of . > deviation allowed before a data point is
rejected. On the first pass from T  to TMAX1 or TMAX2, this value
is nominally 10. On subsequent passes, it is 3. These values can
be altered by the user,

If the observation is rejected, the-particular location of
AREJ corresponding to the Kth observation is equated to the Hollerith
“"#"  and the value of Ny is reduced by unity. The tests for rejec-
tion are bypassed 1f the value of Ny becomes zero.

If Ny is not zero, the following matrix modifications must

be performed:

“l6-
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1. The kth row and column of the following matrices must be
replaced by the (K + 1)th row and column.
[v] [32]
2. The Kth row of the following matrices must be replaced by
the (K + 1) row and column.
[v] [EBRVAL]
The latter matrix is derived from an inputted matrix which
served as a ﬁultiplier of the [52] matrix.
The examinations of all observations terminates the data
rejection tests. The production of a binary summary tape contain-
ing the time, record number, observations, deviations, and the Hollerith

indicators which reveal rejection of data is made at this point.

+~ 4.0 Program Description, Bayes Statjstjcs
The main flow of statistical filtering by Bayes estimation

methods is mechanized in the program by the MAIN and the BAYES
subroutines. Because of the similarity in the Bl (minimum states)
and B2 (variable states) programs, the use of MAIN and BAYES in the
following discussions will imply either the Bl or B2 versions of
the two subroutines. Differences in the two versions will be
indicated where they exist.

Because of the complexity of this statistical method, a

rather detailed description is presented here.

4.1 Bayes Statistics, Timing
Bayes statistics are applied to an interval of a trajectory

defined by two values of time. There usually exists one or more

.17~



observed data points within the interval which are eventually
utilized for refinement of the trajectory.

los
iva I

S

Tnn

To

Figure 3

‘The Bayes routine establishes a time sequence (Figure 3)
T Tp, Top Tpz  Tmax

at which deviations between the nominal trajectory and the observed
data points are accumulated. The accumulated corrections at the
end of the interval (also called a "batch™) are utilized for
statistical correction of the initial conditions of the batch.
The initial conditions.may differ from the true quantities so
that assumed linearity conditions are not met. If this is the
case, convergence criteria will not be met and the procedure is
restarted with the new initial conditions utilized to generate
a new nominal trajectory. The new trajectory is based upon the

statistically corrected initial conditions.




Statistically corrected initial conditions are repeatedly improved
by application of Bayes estimation until the convergence criteria
are met. This condition is known as "convergence®. The entire
procedure outlined in preceding paragraphs is known as the ®pre-
convergence® mode.

Each refinement of initial conditions from Bayes modifica-
tions is defiped as a "pass®. The program includes a pass counter,
NPASS, which records the number of passes. After every unéuccess-
ful pass, this counter is compared with a pre-assigned maximum
permissable value, MXPASS, supplied by the user. An error condi-
tion occurs when the counter achieves its maximum value without
having achieved convergence.

If convergence is attained, the "post-convergence" mode is
entered. The new Qalues for the initial coﬁditions are used to
update the trajectory and the covariance matrix to the end of the
7batch, TMAX. The program contains provisions for continuing in
an identical manrer with 5 additional batches, their time lengths
being described in INPUT as TSiAN(NT) and their parametric and
statistical initial conditions being the updated values from the
preceding batch. )

Figure 4 illustrates the time histcry of the Bayes program.

Batch #1 extends from (To); to (Tyax)y - TSPAN (1)

Batch #2 extends from (Tyayx); to (Tyax)2 - TSPAN (2)

Batch #6 extends from (Tyayx)s to (TMAX)6 - TSPAN (6)

-19-
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< ~%

~ - <
(1501 < (Tyaxh = (Tyax?2 <+« + » = (Tyay)s = (Tuax)e
s pan ) i
T,’P ‘n\k/’ Fopaw R i
i’ "‘E‘LM‘H\ / 73, e,
Preliminars . o~
B (1] "L ‘l (f’luk)a . \lﬁ
/’\,/4——— ] —[\" { f (7o),
S (.rnru:)', hmat)l I \\\\\ (rm,.“‘_&
ITITEN -/
Figure 4

The absolute maximum time for any given run is established by
TMAXX. It supersedes all other timing considerations in the.program.
That TMAXX has been reached in processing any batch of data is
indicated by the flag, KLAST, which is used to indicate termina-
tion of the program.

One mode of operation of this program alléws the processing
of a preliminary batch before entering the main logic described
~above. In Figure 1, the time (TMAX)p, called TPRELM, is the
length of this span. TPRELM is an inputted value which must be
greater than 0 and less than TSPAN (1) in order for the preliminary
batch mode to operate.

The preliminary batch is executed in an effort to achieve
initial conditions at (TO)1 which will reduce the number of passes
required for convergence when investigating the longer duration non-

preliminary batches.
«20e




Tests in MAIN on TPRFELM determine the need for the preliminary
batch mode and the setting of a flag, MBATCH, to indicate the mode:
MBATCH £ O indicates a preliminary batch

MBATCH = 0 indicates a non-preliminary batch.

4.2 Bayes Statistics, General Program Procedures
Figure 5 is a general flow chart showing the interaction of
the EXEC, MAIN, BAYES, and SUMARY routines. The principal flags
utilized are LSFLAG and JFLAG. ‘
The convergence indicator, LSFLAG, is utilized to indicate
the mode of operation. It is set in the BAYES subroutine.
LSFLAG = 0 indicates convergence has not be achieved
LSFLAG £ O indicates convergence has been achieved
JFLAG is'an indicator which is set within the BAYES subroutine
to indicate which tésk has just been performed:
JFLAG = O indicates pre-convergence execution
JFLAG £ 0 indicates execution of the post-convergence ma e
The principal steps in the program can be itemized as followss
1. Set maximum time of the NP baten
2, Read the data tape
3. Integrate to the i " data point
4, Test if in pre-convergence cr post-convergence modesif
pre-convergence, write full data set on scratch tapes if
post-convergence, write truncated data set on tape.
5. Test present time against TMAX:if less, go to 2 and
repeat through 5;if equal or greater, enter BAYES

subroutine.

2]~
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6. Test if convergence has occurred. If not, read scratch
tape, process and accumulate data, write on summary tape
if requested. If so, read scratch tape, update Q matrix
and initial conditions and print results.

7. Test present time against TMAX. If less, go to 6 and
repeat. If equal to or greater,'update initial condi-
tions and go to 8. if in pre-converaence mode - if in
post-convergence mode, go to 10.

8. Test for convergence. If convergence has occurred, set
LSFLAG to 1 and go to 1l1. If convergence has not occurred,
set LSFLAG to O and increment pass counter.

9. Test pass counter. If less than maximum number inputted,
set JFLAG to O and return to 2 using updated values of
the states determined in 7. 'If greater than maximum
number, EXTT. .

10. Set JFLAG to 1.
11. - Write out summary tape, if requested.
12, Test termination criteria. If yes, EXIT. 1If no,

increment batch counter, N, and return to 1.

4.3 Baygs Statistics, Detailed Procedures
4.3.1 The Satellite Ephemeris Tape

The pre-convergence mode requires that the elements of the
nominal trajectory be stored on a (scratch) satellite ephemeris
tape. The first logical record on the tape contains a (n x n)
double precision matrix which is the inverse of Q,, the initial

covariance matrix. .
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Observed data and parameters of the nominal trajectory are

required ats

1. The beginning of a batch,

2. FEach observed data point within the batch,

3. The end of the batch.
A data set is defined as the combination of observed data and
computed values., More specifically, a "complete" data set contains
the followiné items:

Record Number

Time, T

Vehicle Position Components, R
Vehicle Velocity Components, ﬁc

State Transition Matrix, R,—-Also‘A& for the B, mode
Un—cor;ected data time, TKRAW

Data Flags, Lt

Observed Data

Additional Data Flags, Lt,

Planet of Interest Indicator, IPLNT

Working Body Reference Indicator, WREF

Position and Velocity Vectors from a Given Planet of Tnterest
to the Reference Body, CPOS and CVFL

These items are defined as follows:

Record Number: Each data point on the data tape is aiven a number
(program symbol, ICOUNT). A record number equal to zero
indicates accompanying data which should not be processed.
The record numbers of the complete data sets at the
beginning and end of & batch will equal zero unless an
observed dasts point is present,




Time:

LA

]

TKRAW

Data

WREF

Cpos

Program symbol is T. It indicates the program time of
the complete data set.

Position components which have the program symbol RC.
It indicates an array of six locations.

Velocity components which have the program symbol RDC.
It indicates an array of six locations.

Program symbol is ALAM1 indicating a (6 x 6) matrix.
It contains the state transition matrix. .
Program symbol is ALAM2 indicating a (6 x n) matrix.
It contains the state trangition matrix for the dynamic
biases. n is dimensioned to 20, depending upon the
number of dynamic biases considered as states. (Used
in B2 mode on}y.)

Un-correﬁted data time having the program symbol

TK RAW,

A series of packed data flags used for interpreting
observed data. Symbol 1s LTEMP,

Observed data consisting of four (4) single precision
words. The program symbol is DATk.

Additional flags for interpretation of data. Symbol
is LTEMPI.

Reference body indicator having program symbol MWREF.
One column of a (6 x 7) array containing the position
vector components from a particular body to the ref-
erence body. The particular column is determined by

the variable IPLNT.




CyvEeL Sane as Cpps except for velocity.vector.
IPLNT Indicates a planet number used in on-board observation
when a planet is one of the observed bodies.
A "truncated" data set contains all items described in the

complete data set with the exception ofs

Record Number

TKraw

Cpos

CveL
The matrices [A,] and [,L] are given with respect to lost
prin£ time rather than initial time as in full data set.

A typical tape configuration for the pre-convergence mode is
shown in Figure 6. It applies to a batch having three data points

where no data occurs at the beginning or end of the batch.

Five (5) complete data sets
r = rewe s w C e s o , - - -
!

data data data ; of

[Q-l] start | first second third | end
, point point point +  batch

o

Record # 0

B S VY |

Record = 0

Figure 6

-26~-




A typical tape configuration for the post-convergence mode is

shown in Figure 7.

Lal | | | o

first second third last

print print print print

point point point point

t = tin _ t = TMAX
Figure 7

] matrix is

At the initial entry into the program, the Q°
written on the tape by INPUT. At the start of processing on
subsequent batches, this matrix is written by- BAYES subroutine.
The Q matrix on the post-convergence mode tape is written by
BAYES. All other information is written by the MAIN program.
Reading of the tape is done completely by the BAYES routine.
4,3.2 1Initialization Procedures

Initialization procedures include the preservation of posi-
tion and velocity components at the beginning of the batch.

R' = R
R e - T,
The "D* matrix isan ( n x 1) array which serves in an

accumulator capacity in the subsequent computation. Tnitially,

[D] = [Q-l] ad



A tally of the usable observed data points is required at the
end of the batch. This counter must be equated to zero before
main processing.

Npata = O
4.3.3 Pre~¢onvergence Mode - Loading Data
The record number of the first complete data set will equal
zero. This circumstance must be followed by a reading of the
next completé data set. A non-zero record number indicate’s
served data which must be processed before reading another set.
A data set following the first set may be ignored by equating

its record number to zero. A second test of record number guarantecs

processing of a subsequent data set only if the record number is not

N

zero.
AThe station number and data type list are obtained from the
packed word,vLT. The sub-program "FIX" is referenced for this
"purpose. Thé data type list contains four entries corresponding
to the observations at a particular station. Fach entry of the
Iist is extracted from the sequence of integers (1 t¢ 25) which
corresponds to the total number of different types of observations.
The number of observations, Np, is defined 'as ‘the number of non-
~zero entries in the data type list. The value of Np may not
exceed four ().
Under certain conditions indicated by the flag word, LTI’ and
the station number, it is necessary to modify the "UP" frequency
of the tracking signal (Fl). This item is implicitly required

by sub-routines referenced in later sections of the program.

~28~




The YQBS array contains twenty-five double precision locations.
At a data point, the program utilizes only Np of these locations.
The particular locations are determined by the data type list. The
actual information stored in these particular locations is obtained
from the four single precision data words which were loaded via
the nominal tape. The user must observe the requirement of four
data words in a complete data set regardless of the value of Np.
Zero entries‘in the data type list correspond to entries of 1010

in the four data wordss

iJe., if Ny = 0 Words 1, 2, 3, 4 are 1010

if Np

1 Word 1 is data
- Words 2, 3, 4 are 1010

if Np = 2 Words 1, 2 are data
Words 3, 4 are 1010

.

I
w

Words 1, 2, 3 are data
Word 4 is 1010

1f Ny =
if Np = 4 Words 1, 2, 3, 4 are data
The data words in a complete data set refer to actual observed

data. The position and velocity vect;rs of the same refer to
computed values of a theoretical trajectory generated by numerical
integration. Position and velocity must be transformed into the same
measuring systems utilized by the actual observed data. The Yeou
array contains twenty-five locations of which Np particular loca-
tions are utilized. The particular locations are determined by
the observations sub-program, which also computes deviations

between observed and computed data. The deviations are stored

in a (Np x 1) array, [&Y] .
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4.3.4 Pre-Convergence Mode - Data Rejection

The data rejection section is very similar to the procedures
utilized in Kalman Filter statistical processing. This part of the
routine is initialized by priming the arrays, By (25 x 2) and Aggy
- (25), which are utilized for printing summary information. The
observed data and deviations from computed data are stored in
particular rows of By. For types other than observed data, other
deviztions have been set toc 0. -The AREJ reglion contains ‘BCD
s..rormation initially equal to blanks.

The "M" matrix is a rectangular array having dimensions (ND, n).
It is computed by reference to the partials sub-routine. This
routine could reduce the value of Np. In such a case, the
particular AREJ would be set to "$". The main processing of the
data point is ign&red if this reduction produces a zero value for
Np. If Np is not reduced to zero, the routine performs the

following matrix computationss

INnf = |m| . sl
| B = | ~ | . | A l

*
vl = |8 o o] . |s]

The matrix "Q," in the preceding computation is a (6 x 6) double
precision array transmitted from the calling routine to least squares
via core storage. It corresponds to the "Q" matrix transmitted
to the routine via the nominal tape. It is necessary to allot
two areas of storage for this matrix due to the eventual modifica-

tion of the "Q* matrix when data points are encountered. In short,
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.the data rejection section utilizes a constant "Q" matrix, Qo ’
which is not subjected to modification. 1In the B2 mode, this Qo
matrix is the upper left hand 6 x 6 portion of the total n x n
inputted covariance matrix.

The "Y" matrix in the preceding equations is an (Nb x Np)
array which should be symmetrical. The loss of similarity due
to round-off is reduced by referencing the subroutine, "SYMMAT",

which averades opposing elements.

Let (k),represent the particular observation under examina-

tion.
k - 1’,‘ .o‘.. s 9 ND
Data rejection occurs if
- 2 2 ‘ -2
(A Y)k = Fgom X (Yk,k * e k)

where

tr

L k,kx js the variance of the uncertainty in the kth
observation due to the uncertainty in the state

Iéi,kj is the variance of the uncertainty in *i:he'l(t'h
observation due to the uncertainties in the
instrumentation.

FSGM is an inputted quantity quantity corresponding to the
allowable deviation in Os allowed before a data point is rejected
because it falls outside of reasonable statistical limits. FSGM - 10
is a typical value.

If the observation is rejected, the particular l®ation of
Appy corresponding to the k-th observation is equatedto the

Hollerith "*®, and the value of Np is reduced by unity. The tests

for rejection are by-passed if the value of Np becomes zero.



If ND is not zero, the following matrix moedifications must be
performed:
1. The k-th row and column of the following matrices must
be replaced by the (k + 1) row and column.
Ty 182,
2. The k=th row of the following matriﬁes must be replaced
by the (k + 1) row.
Ly B
The examinations of all observations terminates the data
rejection tests. The production of a binary summary tape contain-
ing the time, record number, observa{ions, deviations, and the
Hollerith indicators which reveal rejection of data is made at
this point.
4.3.5 Pre-Convergence Mode - Data Accumulation
After processing each data point, the inverse of the "Q"
matrix 1% up-dated by addings
- -1

8 | . | B2 : _ . . B and

.

tho "D" matrix is up-dated by addings

B Lotez 1

Before testing for an "end-of-batich™ conditicn, it is
necessary te up-date the tally of the usable observed data
puints, NDATA‘
4.3.6 Pre-Convergence Mode - End of Batch

The "end-of-batch" condition is indicated by observing zn
equality between time, T, and the time indicating "end-of-batch",
Tyax- If "end-of-batch® is not indicated, the routine repeats the
preceding logic by reading the next complete data set from the

nominal tape. -3




A reading of zero in the tally of the usable observed data points
"indicates a total rejection of every point within the batch. The
entire batch is disregarded when this circumstance occurs. The
convergence indicator is set to the position which indicates con-
vergence (LS FLAG =1).

If NpaTa is not zero, the end-of-batch equations are

[o*] [at ]
lax] [e] - [ »]

The six values of [A %] are utilized for statistically

and

modifying the initial position and velocity components

x ( =R,;) 1s modified by O X
y ( =R_,) 1is modified by D
z 2'3;3) is modified by AR
x ( =R.,) 1is modified by A X,
y (= Rc2) is modified by D X
2 ( = Rg3) 1is modified by VAN Y

A reference to the subroutine, DALFA, accomplishes these
modifications as well as computing AX , the deviation of the
initial conditions from those originally found.

The pass counter, NPASS, is tested if convergence fails. The
pass counter is incremented after convergence fails until it achieves
its maximum permissable value, MXPASS. Failure to achieve convergence
within the maximum number of passes through the BAYES routine indicates

an error cond}tion.



If the pass counter has not achieved its maximum value, the
routine re-positions the nominal tape to the end of the inverse of
the "d“ matrix. The next execution of the nominal trajectory can
write new complete data sets on tape without any subsequent re-
positioning.

The convergence indicator is set to indicate convergence
if both tests are successful., If the routine is operating on
a preliminar? batch, it must reposition the tape by reading a
s.ngle logical record. Ihe inverse of "Q" is not replaced when
processing a preliminary batch. A bath other than a preliminary
batch requires overwriting the first record on tape by the "Q"
matrix updated to TMAX.

4.3.7 Post Convergence Mode

The MAIN proéram'computes a refined trajectory after con-
vergence has been achieved (LS FLAG = 1). During the computation
of the refined trajectory, the MAIN program generates a nominal
tape containing the "Q" matrix (n x n) as the first logical record.
This “Q" matrix is written on tape by the final section of the
pre—convergfﬁce mode.

The computation of the refined trajectory requires the MAIN
program to write a truncated data set at pre-selected print times
and at the terminal points of the batch.

The BAYES routine in the post-convergence mode reads the "Q"
matrix and one truncated data set. An error condition occurs if
the time, (T), of the first data set does not agree with the time

of the beginning of the batch, (T,).
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The post-convergence mode up-dates the "Q" matrix at each
print within the batch. No processing is required a* the hegin-~icc

of the batch. At the (i)-th data point

[ Q ]i = [ A ]i[q ]i-l' !:A ]f

1
The F matrix is computed from the equation

- " : - 1%
[ li = [5 ]i"_Q L Ls 1
It is printed, if requested.
At T = Typy the "Q" matriv has been propagated to the end of
the hatch. The first (6 x 6) e]éments must be-npresoarved in «-re
storace for the data rejection computation of the next hatrn.

‘ L '6)(6: ‘ 2 ‘6)(6** *% upper feft 66« £ In tne
B2 mede.

The propagated "Q" matrix inverse is writtern ~n the sowminal
tape as the first logical record. The program is now ready i«
r eat the above flow for the second and subsequent batches of

data,



AUERAD
BETA
cDs(3)
CKMER
CKSERH
coMB(1)
CONST( 28
CPRI\ s/
CRAD

)
)

CT
CVEL(S,7)
cz

D

DELTP
"DIN

DPADD(2%)

DSPL

DT
DT3(3,7)

DT1
DYN(60)
DZ

g

ER]

BF2

EF6

EF7
EMIN

EO
EPSSQ
EQ

ERAD
GAM(3,3)

GAMM
GHA(3,3)
HMU
OBSPLS(9)
OLDT

OLEL

CONVERSION FACTOR-AU TO ER

DIFFERENTIAL ECCENTRIC ANOMALY

REFERENCE FREQUENCIES USED IN DSIF SYSTEM
CONVERSION FACTOR-ER TO KM =1.36784906D-4
CONVERSION FACTOR-ER/HR TO KM/SEC =,03644236616D0
'VELOCITY OF LIGHT '
CONVERSION FACTORS FOR PRINTING OUT OBSERVATIONS
BLOCK OF REFERENCE BODY POSITIONS

CONSTANTS USED IN DSIF SYSTEM

CONVERSION FACTOR- DEG TO RAD =.017433292%519943D0
NUMBER OF JULIAN CENTURIES FROM O-HRS 1/1/30 TO PRESENT
BLOCK OF REFERENCE BODY VELOCITIES

VALUE OF C AT RECTIFICATION POINT

NUMBER OF DAYS FROM O-HRS 1/1/50 TO PRESENT
CURRENT PRINT INTERVAL WHEN NOT PROCESSING DATA
NUMBER OF DAYS FROM O-HRS 1/1/%0 1O O-HRS OF LAUNCH YEAR
ARRAY OF DOUBLE PRECISION VARIABLES

SPECIAL INTEGRATION INTERVAL IN A4 MODE TO GET
ACQUISITION TIME

NUMBER OF JULIAN CENTURIES FROM PRESENT TO BASE DATE
RUNGE=KUTTA INTEGRATION INTERVALS FOR NEAR, MEDIUM
AND FAR REBFERENCE

CURRENT INTEGRATION INTERVAL

ARRAY OF DYNAMIC BTATES

VALUE OF D AT RBCTIFICATION POINT

NUTATION IN OBLIQUITY

SUBSIDIARY OUTPUT EROM KEPLER

SUBSIDIARY OUTPUT FROM KBPLER

SUBSIDIARY OUTPUT FROM KEPLER

SUBSIDIARY OUTPUT FROM KEPLER

MINIMUM BLEVATION ANGLE (RADIANS)

NOT PRESENTLY USED

SQUARE OF EARTH'S ELLIPTICITY %6.693422D-3

MEAN OBLIQUITY

EARTH'S RADIUS IN KM = 6378,1635D0

TRANSFORMATION MATRIX FROM ROTATING GEOCENTRIC
SYSTEM TO INERTIAL SYSTEM

GREENWICH HOUR ANGLE

ORTHOGONAL TRANSFORMATION MATRIX

GRAVITATIONAL CONSTANT OF REFERENCE BODY

UNIT VECTORS DESCRIBING STATION-VEHICLE RELATIONSHIP
PREVIOUS DTI

SAVED ELEVATION ANGLE
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ORM

- OVB(3)
-‘PEROBL(3)
PFPAR(3,9)
PI
PRENUT(3,3)
PRNT3(3)
PROPNL(3,3)
PSI

R1(7)

R2(7)

RA
RATEV(3.2)

RC(6)
RCIN(3)
RCINT(6)
RCMSC(3)
RDC(6)
RDCIN(3)
RDCINT(6)
RDDOT(3)
RDDOTS(3)
RDI(6)
RDTIB(6)
RI(6)
RRATE(4,26)
RT1

RT2
RTB(6)
SAVD
SCALE(3)

SEC
SQTMU
STAC(3)
STAHT(26)
STALN(26)
STALT(26)
STAOR(442)
SVL

SVM

T

TAQ

TB

TBF
TBFD
T3G
TBGD
TD
TH

MAGNITUDE OF THE POSITION VECTOR RCMSC
VELOCITY VECTOR BETWEEN STATION AND VEHICLEFE
OBLATENESS PERTURBATION

VALUES OF SPECIFIED SETS CF POWERED FLIGHT PARAMtU !ERS

180 DEGREES IN RADIANS =3.141592653589793D0
PRECESSION-NUTATION MATRIX

PRINT INTERVALS FOR NEAR, MEDIUM AND FAR REFERENCY
PRECESSION-NUTATION-LIBRATION MATRIX

NUTATION IN LONGITUDE

DISTANCES IN ER FOR EACH OF 7 BODIES FOR SWITCHING
FROM NEAR TO MEDIUM INTEGRATION INTERVALS
DISTANCES IN ER FOR EACH OF 7 BODIES FCR SWITCHING
FROM MEDIUM TO FAR INTEGRATION INTERVALS
RECIPROCAL OF SEMI-MAJCR AXIS OF ORBIT

ROTATION VECTORS USED IN MARS AND VENUS DRAG
COMPUTATIONS | '
INSTANTANEQUS POSITICN VECTOR

INITIAL POSITION VECTOR

SAVED VALUE OF RC

POSITION VECTOR BETWEEN STATION AND VEHICLE
INSTANTANEOUS VELOCITY VECTOR

INITIAL VELOCITY VECTOR

SAVED VALUE OF RDC

PERTURBATIONS OF COWELL INTEGRATION

SAVED VALUE OF RDDOT

VELOCITY VECTOR AT LAST RECTIFICATION

TWO-BODY VELOCITY VECTOR

POSTTION VECTOR AT LAST RECTIFICATION

REPETITION RATES OF STATIONS OBSERVATIONS

VALUE USED AS TOLERANCE IN RECTIFICATION CRITERIA
VALUE USED AS TOLERANCE IN RECTIFICATION CRITERIA
TWO-BODY POSITION VECTOR

SAVED VALUE OF DTI

ARRAY OF SCALE FACTORS FOR PRINTING TRAJECTORY
INFORMATION

SECONDS OF LAUNCH MINUTE

SQUARE ROOT OF HMU

CURRENT STATION COORDINATES

ARRAY OF STATION ALTITUDES

ARRAY OF STATION LONGITUDES

ARRAY OF STATION LATITUDES

ARRAY OF STATION-ORIENTED STATES

SAVED VALUE OF L DIRECTION COSINE

SAVED VALUE OF M DIRECTION COSINE

CURRENT TIME (HRS)

ACQUISITION TIME

NUMBER OF JULIAN CENTURIES FROM O-HRS 1/1/50 TO
BASE DATE

F COEFFICIENT IN TWO BODY COMPUTATION
F DOT COEFFICIENT IN TWO BODY COMPUTATION
G COEFFICIENT IN TWO BODY COMPUTATION

G DOT COEFFICIENT IN TWO BODY COMPUTATION
NEXT ACTIVITY TIME '
DIFFERENTIAL ECCENTRIC ANOMALY (ESTIMATE)
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TI
TINT
TKEP
TL
TMAX
TPMAT(3,3)
TPMAT1(3 3)
TPMAT2(3,3)
TPMAT4(6)
TPMATS(6)
TPMAT6(6)
TPMAT7(6)
TPMATS{2%)
TPMAT9(21)
TPMT10(6,6)
TPM*lz(s 6)
’ L4, 26)
TSSA
TSUBN
TSVT(6)
TTMAT1(3,3)
TTMAT3(3 3)
TWOPI
TZEPH

TZHRS
WE
XC

XFAC

XM (3,3)
X0
YCOM(25)

TIME OF LAST RECTIFICATION

SAVED VALUE OF T

TIME OF KEPLER REFERENCE

INTERMEDIATE TIME OF EXIT FROM COWELL INTEGRATOR
CURRENT MAXIMUM TIME

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

ARRAY OF NEXT OBSERVATION TIMES FOR EACH STATION
SAVED VALUE OF T

EARLIEST OBSERVATION TIME

ARRAY OF SAVED TIMES FOR TEST PURPOSES

NUTATION MATRIX

PRECESSION MATRIX

360 DEGREES IN RADIANS =6.28318%307179586D0
NUMBER OF HRS FROM BEGINNING OF LAUNCH YEAR TO
LAUNCH TIME

NUMBER OF HOURS FROM O-HRS 1/1/60 TO LAUNCH TIME
EARTH ROTATION RATE

MEAN LONGITUDE OF DESCENDING NODE OF MOON'S MEAN
EQUATOR

ARGUMENT OF SERIES EXPANSION IN TWO-BODY SOLUTION
LIBRATION MATRIX

MEAN LONGITUDE OF THE MOON

ARRAY OF COMPUTED VALUES OF OBSERVATIONS

5.1.2 Single Precision

v e N
AMUD

CDT(40)
CEPID
CNT
CWLIN(9)
CWLINT(9)
DAREA
DAREAS
DAYS
DELTA

DH1

REEINIFION

INDICATOR WHOSE VALUE REPRESENTS A CERTAIN ERROR
CONDITION

TABLE OF DRAG COEFFICIENTS

INDICATOR FOR COWELL OR ENCKE INTEGRATION
INTEGRATION FLAG

PERTURBATION VALUES AND THEIR 1ST AND 2nD DERIVATIVES
SAVED VALUES OF CWLIN ARRAY’

EFFECTIVE SURFACE AREA OF VEHICLE PERTAINING TO DRAG
SAVED VALUE OF DAREA

DAYS OF LAUNCH YEAR

ELEVATION ANGLE ERROR IN REFRACTION

REFRACTION INCREMENT IN TROPOSPHERE (KM)
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DH2

* DTPI

'F1
F2
FDOWN(26)
FKPR
FPK

FUP(26)
H2

Ha
HACC
HMIN
HRS
1365
IBP
IBSTAT
ICOUNT
1D

IDER
INPERR
IOBLAT(26)
1P

IPFT

IPLNT

IPINT
IPS

IPSEC(10)
IRT .
ISTAR

IXADD(25)
KECLPS
KLIBR
KM(4)

KOBLAT
KOMP
KRF
KS2BY
KSDRG
KSDRGM
KSDRGV
KSMNOB

REFRACTION INCREMENT IN IONOSPHERE (KM)
PRINT PORTION (HRS) OF TOTAL PRINT PERIOD
UP FREQUENCY OF TRACKING SIGNAL
DOWN FREQUENCY OF TRACKING SIGNAL
ARRAY OF STATION RECEIVER FREQUENCIES
FLOATING POINT PRINT INDICATOR
INDICATOR FOR TIME DIRECTION
/1 - FORWARD IN TIME
Z71 - BACKWARD IN TIME
ARRAY OF STATION TRANSMITTER FREQUENCIES
LOWER LIMIT OF IONOSPHERE (KM)
UPPER LIMIT OF IONOSPHERE (KM)
ACCUMULATED ALTITUDE OF ITERATION IN REFRACTION
MINUTES OF LAUNCH HOUR
HOURS OF LAUNCH DAY
INTEGER =365
INDICATOR FOR INITIALIZATION OF BURN PERIOD
NOT PRESENTLY USED
COUNT NUMBER OF DATA POINT
TIME DIRECTION INDICATOR
=0 - TMAX> O
=1 - TMAXK O
INTEGRATION INDICATOR
INPUT ERROR INDICATOR
INDICATORS OF DESIRED OBLATENESS COEFFICIENTS (10N/M)
INDICATOR OF NUMBER OF RUNGE-KUTTA STEPS
NUMBER OF THE POWERED FLIGHT SET BEING USED
NUMBER OF PLANET TO BE USED FOR COMPUTING ONBOARD
OBSERVATIONS
SAVED VALUE OF 1P
TIME DIRECTION INDICATOR
=0 - TOWARD TMAX
=] - TOWARD 0
INDICATORS FOR PRINTING TRAJECTORY INFORMATION
INDICATOR FOR BYPASSING INTEGRATION
NUMBER OF STAR TO BE USED FOR COMPUTING ONBOARD
OBSERVATIONS
INTEGER ARRAY
INDICATOR FOR PRINTING ECLIPSE INFORMATION
INDICATOR FOR LIBRATION OF VECTORS
A MODE-INDICATOR FOR WHICH OBSERVABLES ARE TO BE
PROCESSED
Bl MODE-UNPACKED STATYP ARRAY FOR CURRENT STATION
NUMBER OF OBLATENESS COEFFICIENTS
INDICATOR FOR CRITERION LEADING TO RECTIFICATION
INDICATOR FOR REFRACTION COMPUTATIONS
INDICATOR FOR TWO-BODY INTEGRATION ONLY
INDICATOR FOR EARTH DRAG PERTURBATION
INDICATOR FOR MARS DRAG PERTURBATION
INDICATOR FOR VENUS DRAG PERTURBATION
INDICATOR FOR MOON OBLATENESS PERTURBATION
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KSNAP
KSOBL
KSPLT
KSRAP
KSTA
KSTDRD
KWBMU(7)
LEVEL
LFL
LML

Mé
MAXLUN
MAXSTA
MBMAX
MDE
MFLAG

MInuo2
MZLUS]
MPLUS2
MPLUS3
MPLUS4
MRREF
MWREF
NA(4,26)

NCDST
NEL
NPFSBT
NUMDAT
NUMT
NUT

NYEARP
OLDYR
ONE
PAREA

PAREAS
PASE
PASFX
PASS
PC(3)
PFON

POSLUN(2,10)

PRATE
PRECIS
PURP

PVALPH(3)

RADII(7)
RTO

INDICATOR FOR PRECESSION-NUTATION

INDICATOR FOR OBLATENESS PBRTURBATIONS

INDICATOR FOR PLANETARY PERTURBATIONS

INDICATOR FOR RADIATION PRESSURE PERTURBATION

CURRENT STATION NUMBER

INPUT INDICATOR FOR STANDARD VALUES

ARRAY OF WORKING BODIES

NOT PRESENTLY USED

MODE INDICATOR

MODE INDICATOR FOR INTEGRATION

INTEGER= 6

MAXIMUM NUMBER OF LUNAR LANDMARKS

TOTAL NUMBER OF STATIONS CONSIDERED

TOTAL NUMBER OF WORKING BODIES CONSIDERED

MODE .

INDICATOR FOR COMPLETION OF A PASS

INTEGER w®=-)

INTEGER ®=-2

INTEGER = )

INTEGER 2

INTEGER 3

INTEGER = 4

SAVED VALUE OF INITIAL REFERENCE BODY

CURRENT REFERENCE BODY

A MODE-ARRAY OF COUNTS FOR TIMING IN A2,A3,A4 MODES

Bl MODE-CTR USED IN DETERMINING ACCIPTANCB TIMIS FOR
DATA TYPES

INDEX FOR STATION BEING PROCESSED

INDICATOR FOR A4 MODE

NUMBER OF POWERED PLIGHT SETS

CURRENT NUMBER OF OBSERVABLES AT STATION

COUNTER USED IN PRINTA AND PB1A

A MODE= COUNTER FOR Al MODR .

Bl MODE- CONTROL FOR INITIAL TIMR OF PASS

YBEAR OF LAUNCH

NOT PRESENTLY USED

FLOATING POINT=1,0

EFFECTIVE SURFACE AREA OF VEHICLE PERTAINING TO

RADIATION PRESSURE

S8AVED VALUE OF PAREA

TOTAL NUMBER OF PASSES FOR FIRST TIME ARC

SAVED VALUE OF PASF

CURRENT PASS NUMBER

NOT PRESENTLY USED

INDICATOR FOR POWERED FLIGHT

LUNAR POSITION TABLE NEEDED BY SUBROUTINE ONBRD

PRINT INTERVAL WITHIN DTPI INTERVAL

INDICATOR FOR PRECISION LEVEL

INTEGRATION INDICATOR FOR WHETHER A OR Bl MODE

BCD ARRAY FOR PRINTING OUT PROPER UNITS

RADIUS OF EACH OF 7 WORKING BODIES (ER)

RATIO OF NORDSIECK INTEGRATION INTERVAL TO THAT IN

RUNGE-KUTTA
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SIXTY
SPADD(25)
STANM(26)
STAR(2,10)
suncoula)
TAU
TDELAY(4,26)

THREE

TSTRO

TWO

TWTA4
TYPE(26)-INTEGER
TZERO
USETYP(4)-INTEGER
VMASS

XLST

XKN

XMACH(40)

XNNEW

YEAR

FLOATING POINT =60.0

SINGLE PRECISION ARRAY

ARRAY OF STATION NAMES

STAR TABLE NEEDED BY SUBROUTINE ONBRD

ARRAY OF CONSTANTS

PRINT INDICATOR

TIME (HRS) BEFORE WHICH OBSERVATION IS NOT TO BE

" COMPUTED

FLOATING POINT 3.0

INDICATOR FOR SAVING INTEGRATION VALUES
FLOATING POINT = 2.0 '

FLOATING POINT =24.0

ARRAY OF OBSERVATION TYPES DESIRED - PACKED
LAUNCH TIME IN HOURS

UNPACKED TYPE ARRAY FOR CURRENT STATION
MASS OF VEHICLE )
LOCAL SOLAR TIME USED IN DRAG COMPUTATION
TOTAL NUMBER OF HOURS IN THE LAUNCH YEAR
TABLE OF MACH NUMBERS

CURRENT INDEX OF REFRACTION

FLOATING POINT NYEARP
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EXSCA AND EXECB1 LABELLED COMMON

/CPE/ POWERED FLIGHT SUBRQUTINES PFLGHT, PFINIT
u(62,6) -D.P.- ARRAY OF CHEBYSHEV CCEFFICTIENTS
TMAXPF -U.P.- RELATIVE TIME AT EXND OF RURN P¥&7.L
TUTAET S P.- STARTING TIME (OF RURN PERIwL

TMIT Y % . F.- NUMBER OF CHEBYSHEY CCEFFICTIENIS
/EPHMM/ INPUTA, EXECA, EPHEM, INPTBl, EXECREI
TARLE (219) -S.P.- PLANTETARY POSITIONS FROM EPHEMERIS TAPE
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. 5.3 EXECBI Labelled Common
’ /C1B1/ A1l EXEC Bl Subroutines Except Trajectory

8%.3.1 Double Precision

Varjable Name

ALAM1(6,6)
ALMAT(6.6)
DELALP (6)
DELX(6)
DELY(4)
DTK

DTL

DTP
FBAR(4,4)
FRQ
oVSB(3)
PREVTN
QSAVE(6,6)
SAVEL1(6,6)
SMAT(6,6)
STAT(6,6)
TIN

TK -

TKRAW
TMAXX
TMAX2
TOLSQ

TP

TPRELM
TSPAN(6)
TSUBM

TX

TY

XNCY
YOBS(25)
YOBSNU
YRTEMP(6)
YTEMP (2)

Description

STATE TRANSITION MATRIX

TEMPORARY MATRIX

VARTATION IN ALPHA PARAMETERS

VARTATION IN STATE VARIABLES

ERROR IN OBSERVATIONS

TIME INCREMENT USED FOR TIMF CORRFCTION
INCREMENT USED TO COMPUTE TL ’
INCREMENT USED TO COMPUTE TP

COVARIANCE MATRIX OF OBSERVATIONS

REFERENCE FREQUENCY IN DSIF SYSTEM

VELOCITY VECTOR OF STATION

PREVIOUS VALUE OF TD

INITIAL Q MATRIX

TEMPORARY MATRIX

S OR S-INVERSE MATRIX - ALSO TEMPORARY MATRIX
CURRENT Q MATRIX

INITIAL TIME OF PASS

DATA POINT TIME MODIFIED BY TIME CORRECTION
DATA POINT TIME OFF DATA TAPE

UPPER TIME LIMIT FOR RUN

MAXIMUM TIME OF SECOND TIME ARC

SQUARE OF TOLERANCE OF CONVERGENCE IN LFAST SQUARES
PRINT TIME

MAXIMUM TIME OF PRELIMINARY BATCH IN LEAST SQUARES
ARRAY OF TIME SPANS FOR EACH BATCH IN LEAST SQUARTS
NEXT PRINT TIME

TEMPORARY STORAGE OF INITIAL TIME

TEMPORARY STORAGE OF FINAL TIMF

NUMBER OF CYCLES

OBSERVED VALUES OF OBSERVATIONS

CONSTANT = 1.D10 FOR OBSFRVATION TESTS
TEMPORARY STORAGE IN OBSERVATION COMPUTATIONS
TEMPORARY STORAGE IN OBSERVATION COMPUTATIONS

5.3.2 Single Precision

Variable Name

AREJéas)
BMAT(25%,2)
CLUE
C1TAB(3)

Description

OBSERVATION REJECTION INDICATORS FOR SUMMARY TAPE
SINGLE PRECISION OBSERVATIONS FOR SUMMARY TAPF
INDICATOR IN TIME CORRECTION

CONSTANTS ASSOCIATED WITH RANGE-RANGE RATE SYSTEM
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C2TAB(4,2) . - ARRAY OF CYCLE COUNTS ASSOCTATFD WITH RANGE-RANGE
RATE SYSTEM

C3TAB(4) ARRAY OF UP FREQUENCIES ASSOCIATED WITH RANGE-RANGE
RATE SYSTEM
DATA(4) TEMPORARY STORAGE OF OBSFRVATION DATA

DATTYP(4)~INTEGER THE OBSERVATION TYPES FROM THE DATA TAPE
EBRMLT(4,26) MODIFIERS FOR DATA COVARIANCE MATRIX FOR STATIONS
BRVAL(4) EBRMLT FOR THE CURRENT STATION

FIRST INDICATOR FOR FIRST TIME THROUGH MAIN

FPIP FLOATING PT IPS

IPMAT INPUT INDICATOR FOR READING P OR Q MATRIX
IGUFSS CURRENT VALUE OF RANDOM NUMBER

IMODE MODE

IMODES SAVED VALUE OF IMODE

IPSS SAVED VALUF OF IPS

IQZERO INDICATOR FOR GROWN OR TINPUT Q MATRIX

TIRDATA INDICATOR FOR DATA REJECTION

ISTAT INDICATOR FOR MINIMUM VARIANCFE OR LEAST SQUARES
ISUMRY INDICATOR FOR SUMMARY TAPE

ITERS INDICATOR FOR READING IN DATA TAPE

ITER2 ITERATION INDICATOR

JFLAG EXIT INDICATOR FROM LEAST SQUARFS

JRNG NOT PRESENTLY USED

KFLAG INDICATOR FOR BATCH TYPE IN LEAST SQUARES
KLAST INDICATOR FOR FINAL LEAST SQUARES BATCH
KOMPS SAVED VALUE OF KOMP

KOPT .PRINT OPTION INDICATOR FOR STATISTICS

KPRINT FLAG FOR INDICATING PRINT FROM PBlA TO PRNTBI

KSECPR(4,17)

ARRAY OF STATISTICS SECTION FOR PRINTING

KTAB NUMBER OF DATA POINTS ON SUMMARY TAPE
KTC » INDICATOR FOR INCLUSION OF TIME CORRECTION
LSFLAG CONVERGENCE INDICATOR IN LEAST SQUARES
LTEMP PACKED WORD OF STATION NUMBER AND DATA TYPES
LTEMP1 QUALITY BITS FOR OBSERVATION DATA - PACKED
MBATCH INDICATOR FOR PRELIMINARY SECTION OF LEAST SQUARES
MXPASS MAXIMUM VALUE OF PASS COUNTER IN LEAST SQUARFS
NOISE NOT PRESENTLY USED
NOFT MAXIMUM NUMBER OF TIMES TO TRY CONVERGENCE

IN LEAST SQUARES
NPASS PASS COUNTER IN LFAST SQUARES
NT COUNTER FOR TRYING CONVERGENCE IN LEAST SQUARES
NuM (26) NUMBER OF DATA PTS TO SKIP BEFORE PROCESSING TYPE
PASS?2 TOTAL NUMBER OF PASSES FOR SECOND TIME ARC
PAST BCD WORD - ASTERISK -~ FOR AREJ ARRAY
PCOUNT PRINT COUNTER IN LEAST SQUARES
PFLAG INDICATOR FOR WHETHER A PRINT TIME
FSPAZE BCD WORD -BLANK -~ FOR AREJ ARRAY
REJCT1 SCALE FACTOR FOR STATISTICAL DATA REJECTION
REJCT2 SCALE FACTOR FOR STATISTICAL DATA REJECTION
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RMEAN
RRNGANS
RNGFILS
RS TGMA
SLUF

STATYF{26)~-INTFGFR

TFRAR(4,4,26)
TEMP(4)

STATISTTICAL MEAN OF DISTRIBUTTION - FOR FLORNG

NOT PRFSENTLY USFD

FLOATING POINT VALUE OF IGUESS

NOT PRESENTLY USFD

INDICATOR FOR FIRST TIME INTO RECORD PGRT TON
OF MATINBI

PACKED WORDS,6FOR FACH STATION)OF OBSFRVATTON
TYPES STATION CAN MEASURE

COVARIANCF MATRIX FOR FACH STATION

TEMPORARY VALUES FOR OBSFERVATIONS



5.4  EXEC, B2 BLANK COMMON
5.4.1 DOUBLE PRECISION

Variable Name Description

ALAM1(6,6) UPPER LEFT OF STATE TRANSITION MATRIX

ALAM2(6,20) UPPER RIGHT OF STATE TRANSITION MATRIX (LOWER 20X26=0,I)

AIMAT(26,6) TEMPORARY MATRIX USED IN STATISTICS AND INTEGRATION

AUERAD CONVERSION FACTOR-AU TO ER =23455.DO

BETA DIFFERENTIAL ECCENTRIC ANOMALY

CDS{3) - REFERENCE FREQUENCIES USED IN DSIF SYSTEM

CKMER CONVERSION FACTOR-ER TO KM =1.56784906D-4

CKSERH , CONVERSION FACTOR-ER/HR TO KM/SEC _.05644256616D0

COMB(5) VELOCITY OF LIGHT PLUS 4 OPEN

CONST {25) CONVERSION FACTORS FOR PRINTING OUT OBSERVATIONS

CPOS(6,7) ELOCK OF REFERENCE BODY POSITIONS

CPRT(3) CONSTANTS USED IN DSIF SYSTEM .

CRAD CONVERSION FACTOR- DEG TO RAD =.,0174532925199/43DO0

CVEL{6,7) BLOCK OF REFERENCE BODY VELOCITIES

CZ VALUE OF C AT RECTIFICATION POINT ~

D NUMBER OF DAYS FROM O-HRS 1/1/50 TO PRESENT

DELALP (26) VARIATION IN ALPHA PARAMETERS

DELTP CURRENT PRINT INTERVAL WHEN NOT PROCESSING DATA

DELX(26) VARIATION IN STATE VARIABLES

DELY{Z) - ERROR IN OBSERVATIONS

DIN NUMBER OF DAYS FROM O-HRS 1/1/50 TO O-HRS OF LAUNCH YEAR

DPADD(25) : ARRAY OF DOUBLE PRECISION VARIABLES

DT3(3,7) RUNGE-KUTTA INTEGRATION INTERVALS FOR NEAR,MEDIUM AND FAR
, REFERENCE

DTI , CURRENT INTEGRATION INTERVAL

DTK TIME INCREMENT USED FOR TIME CORRECTION

DTL INCREMENT USED TO COMPUTE TL

DTP INCREMENT USED TO COMPUTE TP

DYN(60) ARRAY OF DYNAMIC STATES

DZ VALUE OF D AT RECTIFICATION POINT

E : NUTATION IN OBLIQUITY

EBAR(4,4) COVARIANCE MATRIX OF OBSERVATIONS

EF1 SUBSIDIARY OUTPUT FROM KEPLER

EF2 SUBSIDIARY OUTPUT FROM KEPLER

EF6 SUBSIDIARY OUTPUT FROM KEPLER

EF7 SUBSIDIARY OUTPUT FROM KEPLER

EMIN MINIMUM ELEVATION ANGLE (RADIANS)

EPSSQ SQUARE OF EARTH'S ELLIPTICITY =6.693422D-3

EQ MEAN OBLIQUITY

ERAD EARTH'S RADIUS IN KM = 6378,165D0

FRQ REFERENCE FREQUENCY IN DSIF SYSTEM

GAM(3,3) TRANSFORMATION MATRIX FROM ROTATING GEOCENTRIC SYSTEM TO

INERTIAL SYSTEM

GAMM GREENWICH HOUR ANGLE

GHA(3,3) ORTHOGONAL TRANSFORMATION MATRIX

HMU GRAVITATIONAL CONSTANT OF REFERENCE BODY ,

OBSPLS(9) UNIT VECTORS DESCRIBING STATION-VEHICLE RELATIONSHIP

OLDT PREVIOUS DTI
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Yariable Name

_ ORM

. .OVB(3)
CV3B(3)
PrROBL(3)
PI
PRENUT(3,5)
PREVTN
PRNT3(3)
PROPNL(3,3)
PSI
QSAVE(6,6)
R1(7)

R2(7)

RA
RADII(7)
RATEV(3,2)
RC(6)
RCIN(3)
RCMSC(3)
RDC(6)
RDCIN(3)
RDDOT(3)
RDI(6)
RDTB(6)
RI(6)

RT1

RT2

RTB(6)
SAVD
SAVEL1(6,6)
SAVEL2(6,26)
SCALE(3)
SEC
SMAT(6,6)
SQTMU
STAC(3)
STAHT(26)
STALN(26)

© STALT(26)
STAOR(442)
STATE(20)
T

TB

TBF

TBFD

TBG

TBGD

TD

TH

TI

TIN

Description

MAGNITUDE OF THE POSITION VECTOR RCMSC

VELOCITY VECTOR BETWEEN STATION AND VEHICLE

VELOCITY VECTOR OF STATION

OBLATENESS PERTURBATION

180 DEGREES IN RADIANS =3.141592653589793D0
PRECESSION-NUTATION MATRIX

PREVIOUS VALUE OF TD

PRINT INTERVALS FOR NEAR,MEDIUM AND FAR REFERENCE
PRECESSION-NUTATION-LIBRATION MATRIX

NUTATION IN LONGITUDE

SAVED PORTION OF UPPER LEFT OF Q MATRIX FOR LEAST SQUARES
DISTANCES IN ER FOR EACH OF 7 BODIES FOR SWITCHING FROM NEAR
TO MEDIUM INTEGRATION INTERVALS

DISTANCES IN ER FOR EACH OF 7 BODIES FOR SWITCHING FROM
MEDIUM TO FAR INTEGRATION INTERVALS

RECIPROCAL CF SEMI-MAJOR AXIS OF CRBIT

RADIUS OF EACH OF 7 WCRKING BODIES (ER)

ROTATION VECTORS USED IN MARS AND VENUS DRAG COMPUTATIONS
INSTANTANEOUS POSITION VECTOR

- INITIAL POSITION VEGCTOR

POSITION VECTOR LF VLHICLE WiTH BESPECT TO STATION
INSTANTANEQUS VELOCITY VECTOR

INITIAL VELOCITY VECTOR

PERTURBATIONS OF COWELL INTEGRATION

VELOCITY VECTOR AT LAST RECTIFICATION

TWO-BODY VELOCITY VECTOR

POSITION VECTOR AT LAST RECTIFICATION

VALUE USED AS TOLERANCE IN RECTIFICATION CRITERIA
VALUE USED AS TOLERANCE IN RECTIFICATION CRITERIA
TWC-BODY POSITION VECTOR

SAVED VALUE OF DTI

TEMPORARY MATRIX USED IN STATISTICS

TEMPORARY MATRIX USED IN STATISTICS

ARRAY OF SCALE FACTORS FOR PRINTING TRAJECTORY INFORMATION
SECONDS OF LAUNCH MINUTE

S OR S-INVERSE MATRIX - ALSO TEMPORARY MATRIX
SQUARE ROOT OF HMU

CURRENT STATION COORDINATES

ARRAY OF STATION ALTITUDES

ARRAY OF STATION LONGITUDES

ARRAY OF STATION LATITUDES

ARRAY OF STATION-ORIENTED STATES

VALUES CF NOMINAL STATES CF BIASES (NDSVB OF THEM)
CURRENT TIME (HRS)

NUMBER OF JULIAN CENTURIES FROM O-HRS 1/1/50 TC BASE DATE

F COEFFICIENT IN ENCKE COMPUTATION
F DOT COEFFICIENT IN ENCKE CCMFUTATION
G = COEFFICIENT IN ENCKE COMPUTATION

G DOT COEFFICIENT IN ENCKE COMPUTATION
NEXT ACTIVITY TIME

DIFFERENTIAL ECCENTRIC ANOMALY (ESTIMATE)
TIME OF LAST RECTIFICATION

INITIAL TIME OF PASS
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Variable Name

TK

TKEP

TKRAW

TL

TMAX

TMAX2
TMAXX
TOLSY

TP

TPMAT (3,3)
TPMAT1(3,3)
TPHAT2(3,3)
TPNATA(6)
TPNATS(6)
TPMAT6(6)
TPMAT7(6)
TPMAT8(25)
TPMAT9(21)
TPRELM
TSPAN(6)
TSUBM
TSUBN
TSVT(6)
TTMAT1(3,3)
TTMAT3(3,3)
TWOPI

TX

TY

TZEPH
TZHR3

WE

XC

XFPAC

X% (3,3)
xNCY

X0

YCOM(25)
YOB3(R5)
YOBSNU
YRTEMP(6)
YTEMP(2)

Description

DATA POINT TIME MODIFIED BY TIME CORRECTION

TIME CF KEPLER REFERENCE

DATA POINT TIME OFF DATA TAPE

INTERMEDIATE TIME OF EXIT FROM COWELL INTEGRATOR
CURRENT MAXIMUM TIME

MAXIMUM TIME OF 3SECOND TIME ARC

UPPER TIME LIMIT FOR RUN

S<UARE COF TCLERANCE OF CONVERGENCE IN LEAST SQUARES
PRINT TIMK

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

TEMPCRARY MATRIX

TEMPCRARY MATRIX

TEMFCRARY MATRIX

TEMPORARY MATRIX

TEMPORARY MATRIX

MAXIMUM TIME OF PRELIMINARY BATCH IN LEAST SQUARES
ARRAY CF TIME SFANS FOR EACH BATCH IN LEAST SQUARES
NEXT PRINT TIME

EARLIEST GBSERVATION TIME

ARRAY OF TEST TIMES

NUTATION MATRIX

PRECESSION MATRIX

360 DEGREES IN RADIANS =6.283185307179586D0
TEMPORARY STCRAGE CF INITIAL TIME

TEMPORARY STCRAGE OF FINAL TIME

NUMBER OF HRS FROM BEGINNING OF LAUNCH YEAR TC LAUNCH TIME

NUMBER GF HOURS FROM O-HRS 1/1/60 TC LAUNCH TIME

“ EARTH RCTATICN RATE
MEAN LONGITUDE OF DESCENDING NODE OF MOON'S MEAN EQUATCR

ARGUMENT OF SERIES EXPANSION IN TWO-BODY SOLUTION
LIBRATION MATRIX

NUMBER OF CYCLES

MEAN LONGITUDE OF THE MOON

ARRAY OF COMPUTED VALUES OF OBSERVATIONS

OBSERVED VALUES OF OBSERVATIONS

CONSTANT = 1,D10 FOR OBSERVATION TESTS

TEMPORARY STORAGE IN OBSERVATION COMPUTATIONS
TEMPORARY STORAGE IN OBSERVATION COMPUTATIONS

5.4.2 SINGLE PRECISION

AMUD

AREJ(25)
BMAT(25,2)
C1TAB(3)
C2TAB(4,2)
C3TAB(4)
CDT(40)
CEPID

INDICATOR WHOSE VALUE REPRESENTS A CERTAIN ERROR
CONDITION

OBSERVATION REJECTION INDICATORS FOR SUMMARY TAPE
SINGLE PRECISION OBSERVATIONS FOR SUMMARY TAPE
CONSTANTS ASSOCIATED WITH RANGE-RANGE RATE SYSTEM
CONSTANTS ASSOCIATED WITH RANGE-RANGE RATE SYSTEM
CONSTANTS ASSOCIATED WITH RANGE-RANGE RATE SYSTEM
TABLE OF DRAG COEFFICIENTS

INDICATOR FOR COWELL OR ENCKE INTEGRATION
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Variable Name
CLUE

CNT

DAREA
DAREAS
DATA(4)
DATTYP(4)-INTEGER
DAYS
DELP(6)
DELTA

DH1

DH2

DTPI
EBRMLT(4,26)
EBRVAL(Z)

F1

F2

FDOWN(26)
FIRST

FKPR

FPK

INPERR
IOBLAT(26)
IP

IPLNT

IPMAT
Ips

IPSEC(10)
1PsS
IQZERO
IRDATA
IRT
ISTAR

Description

INDICATOR IN TIME CORRECTION
INTEGRATION FLAG
EFFECTIVE SURFACE AREA OF VEHICLE PERTAINING TO DRAG
SAVED VALUE OF DAREA
TEMPORARY STORAGE OF OBSERVATION DATA
THE OBSERVATION TYPES FROM THE DATA TAPE
DAYS OF LAUNCH YEAR ,
ARRAY COF VALUES OF REFRACTION BIAS OFFSETS
ELEVATION ANGLE ERRCR IN REFRACTION
REFRACTICN INCREMENT IN TROPOSPHERE (KM)
REFRACTION INCREMENT IN IONOSPHERE (KM)
PRINT PORTION (HRS) OF TOTAL PRINT PERIOD
MODIFIERS FOR DATA COVARIANCE MATRIX FOR STATIONS
EBRMLT FOR THE CURRENT STATION
UP FREQUENCY OF TRACKING SIGNAL
DOWN FREQUENCY OF TRACKING SIGNAL
ARRAY OF STATION RECEIVER FREQUENCIES
INDICATOR FOR FIRST TIME THROUGH MAIN
FIOATING POINT PRINT INDICATOR
INDICATQR FOR TIME DIRECTION
=+] = FORWARD IN TIME
==] = BACKWARD IN TIME
FLOATING PT IPS
ARRAY OF STATION TRANSMITTER FREQUENCIES
LOWER LIMIT OF IONCSPHERE (KM
UPPER LIMIT OF IONOSPHERE (KM
ACCUMULATED ALTITUDE OF ITERATION IN REFRACTION
MINUTES OF LAUNCH HOUR
HOURS OF LAUNCH DAY
INTEGER =365
COUNT NUMBER OF DATA POINT
TIME DIRECTION INDICATOR
=0 - ™MAXD>O0
=l - ™MAX O
INTEGRATION INDICATOR
CURRENT VALUE OF RANDOM NUMBER
MODE
SAVED VALUE OF IMODE
INPUT ERROR INDICATOR
INDICATORS OF DESIRED OBLATENESS COEFFICIENTS (1ON+M)

. INDICATOR OF NUMBER OF RUNGE-KUTTA STEPS

NUMBER OF PLANET TO BE USED FOR COMPUTING ONBOARD OBSERVA-
TIONS
INPUT INDICATOR FOR READING P OR Q MATRIX
TIME DIRECTION INDICATOR
=0 - TOWARD TMAX
=1 - TOWARD O
INDICATORS FOR PRINTING TRAJECTORY INFORMATION
SAVED VALUE OF IPS
INDICATOR FOR GROWN OR INPUT Q MATRIX
INDICATOR FOR DATA REJECTION
INDICATOR FOR BYPASSING INTEGRATION
NUMBER OF STAR TO BE USED FOR COMPUTING ONBOARD OBSERVATIONS



Jariatle Name

I[STAT
[3UMRY
ITER2
ITERS
IXADD (25)
JFLAG
KCOM
KECLPS
KFLAG
KLAST
KLIBR
KIi(4)
KOBLAT
KOMP
KOMFS
KOFT
KPRLINT
KRF
K32RY
KSURG
K3SDRGM
KITRGY
VoECPR(L, 17
£ OMNECE
“sNAP
K3CBL
K3PLT
KSRAP
KSTA
ESTDRD
KTAB
KTC
KWRMU(7)
LEVEL
LSFLAG
LTEMP
LTEMP1
M5

ME.
M20
Mé
MAXLUN
MAXSTA
MHEMAX
MCOL(20)
MFLAG
MINUS1
MINUS2
MPLUS1
MPLUS2
MPLUS3
MPLUS/
MRREF

Deseripticn

INDICATOR FOR MINIMUM VARIANCE CR LEAST SQUARES
INCICATCR FOR SIIMMARY TAPE

ITERATION INDICATOR

INDICATCOR FOR READING IN DATA TaPE

INTEGER ARRAY

BALT INDICATCR FROM LEAST SQUakbs

INDEL OF JURRENT RIAS 17FE

INDICATCR FOR FRINTING ECLIPSE INFCRMATION
INDICATCR PCOR BATCH TYPE IN LEAST SQUARE3S

L2 LCATUL MOk FINAL LEAST SQUARES BATCH
INDICATUR FfCR LIBRATION OF VECTCRS

UNPACKED STATYP ARRAY FOR CURRENT STATION
NUMBER OF OBLATENESS COEFFICIENTS

IUZICATCR FOR CRITERION LEADING TO RECTIFICATION
SAVED VALUL CF KOMP

PRINT CPTICN INDICATGR FCE STATISTICS

WLAG FUR INDICATING PRINT FrOM BPRA2 TO BPRB
INDIZATCOR FCR REFRACTION CCMPUTATIONS
INLITATCR FCR TWC-BCDY INTEGRATION CONLY
ICICATCR FOR EAKTH DRAG PERTURBATION
INDTOATCR FCR MARS DRAG PERTURBATION
{LUICATOR FCR VENUS DRAG PERTURBATION

ARRAY OF STATISTICS SECTION FCR PRINTING
INLICATOR FCR MOON OBLATENESS PERTURBATICN
INDICATOR FCE PRECESSION-NUTATION

INDICATCGR FCR CRLATENESS PERTURBATIONS
INDICATCR FOR PLANETARY PERTURBATIONG
INDICATOR FOR RADIATICN PRESSURE PERTURBATION
CURRENT STATICH NUMBER

INPUT INDICATOR FOR STANDARD VAaLUES

NUMBER OF DaTa FOINTS ON SUMMARY TAPE
INDICATCK FOR INCLUSICN GF TIME CCRRECTION
ARRAY OF WCORKING BODIES

NOT PRESENTLY USED

CONVERGENCE INDICATCR IN LEAST SQUAREb
PACKED WORD OF STATION NUMBER AND DATA TYPES
QUALITY BITS FOR OBSERVATION DATA-PACKED
INTEGER =5

INTEGER =6

INTEGER =20

INTEGER =26

MAXIMUN NUMBER CF LUNAR LANDMARKS

TUTAL NUMBER OF STATIONS CONSIDERED

TOTAL NUMBER OF WORKING BODIES CONSIDERED
ARRAY OF CODE WCRDS FOR BIASES

INDICATGR FCR COMPLETION OF A PASS

INTEGER =-1
INTEGER =-2
INTEGER = 1
INTEGER = 2
INTEGER = 3
INTEGER = 4

SAVED VALUE OF INITIAL REFERENCE BODY

- 50 -




Variazble Name

MWREF
MEPASS
NA (1& ’ 4 ~ .-’
NE3T
NCDST
NCOMB
NCODE
NUB
NDE1
NCMB1
NCSR
NCSEY
NDSVB

NOFT

1\.\4 (o

J"x (26)
NUNMDAT
NUMT

ITIm
fvbl

NYEA
OFFSET(zo)
OLDYR

ONE

PAREA

PAREAS
PARTD(6)

PARTR(6)
PARTRR(6)
PASF
PASFX

A3
AODD

PASSZ

- PA3T

PCOUNT
PFLAG
POSLUN(2,10)
PRATE

PRECIS
PSPACE
PVALPH(3)
REJCT1
REJCT?2
RMEAN
RNGFLG
RSIGMA

Description

CURKENT REFERENCE BCDY )

MAXIMUM VALUE OF PASS COUNTER IN LEAST SQUARES

CTR USED IN DETERMINING ACCEPTANCE TIMES FOR DATA TYPES
TCTAL NUMBER OF BIASES + 6

INDEX FUR ZTATION BEING PROCESSED

TOTAL NUMBER CF COMBINATION-TYPE BIASES

TEMPORARY CODE WCRD FOR BIAS TYPES

TCTAL NUMBER CF DYNAMIC BIASES

NDR + 1

NCOMB + 1

NCOMB + NSR

NCSB + 1

NDB + N3B + NCCMB

MAXIMUM NUMBER OF TIMES TC TRY CONVERGENCE IN LEAST
SQUARES )

NOT PRE3ENTLY USED

PiA35 COUNTER IN LEAST SQUARES

TCTAL NUMBER CF STATION-GRIENTED BIASES

COUNTER FCR TRYING CONVERGENCE IN LEAST SQUARES
NUMBER OF DATA PTS TC SKIP BEFORE PROCESSING TYPE
CURRENT NUMBER OF OBSERVABLES AT STATION

CCUNTER USED IN BPRB

INDICATCR FOR INITIAL TIME OF PASS

YEAR GF LAUNCH

ARRAY OF VALUES OF DYNAMIC BIAS GFFSETS

NOT PRESENTLY USED

FLOATING POINT=1.0

EFFECTIVE SURFACE AREA CF VEHICLE PERTAINING TO RADIATICN
PRESSURE

SAVED VALUE CF PAREA

ARRAY CF PARTIALS OF ELEVATION WITH RESPECT TG THE 6 RE-
FRACTION PARAMETERS

ARRAY CF PARTIALS OF RANGE WITH RESPECT TO THE 6 RE-
FRACTTON PARAMETERS

ARRAY CF PARTIALS OF RANGE RATE WITH RESPECT TC THE 6 RE-
FRACTION PARAMETERS

TCOTAL NUMBER OF PASSES FCR FIRST TIME ARC

SAVED VALUE CF PASF

CURRENT PAS3 NUMBER

TCTAL NUMBER OF PASSES FOR SECOND TIME ARC

BCD WCRD - ASTERISK - FOR ARKJ ARRAY

PRINT COUNTER IN LEAST SQUARES

INDICATCR FCR WHETHER A PRINT TIME

LUNAR POSITION TABLE NEEDED BY SUBRCUTINE ONBRD
INDICATGR FCR PRINT PERICD

INDICATCR FOR PRECISION LEVEL

BCD WORD- BLANK- FOR AREJ ARRAY

BCD ARRAY FOR PRINTING OUT PROPER UNITS

SCALE FACTOR FOR STATISTICAL DATA REJECTION

SCALE FACTOR FCR STATISTICAL DATA REJECTION
STATISTICAL MEAN OF DISTRIBUTION - FOR FLORNG
FLOATING POINT VALUE OF IGUESS

NOT PRESENTLY USED

.’1:



Variable Name
RTO

SIXTY

SLUE

SPADD(25)

STANM(26)
STAR(2,10)
STATYP(26) INTEGER

SUMCONM(3)

T1(6)

TAU
TEBAR(4,4,26)
TDELAY (4,26)
TEMP(4)

THREE

TWO

TWT,
TYPE(26)-INTEGER
TZERO
USETYP(4)-INTEGER
VMASS

XLST

XKN

XMACH(40).

XNNEW

YEAR

Description

RATIO OF NORDSIECK INTEGRATION INTERVAL TO THAT IN RUNGE-
KUTTA

FLOATING POINT =60.0

INDICATOR FOR FIRST TIME INTO RECORD PORTION OF B2MAIN
SINGLE PRECISION ARRAY

ARRAY OF STATION NAMES

STAR TABLE NEEDED BY SUBROUTINE ONBRD

PACKED WORDS FOR EACH STATION OF OBSERVATION TYPES
STATION CAN MEASURE

ARRAY OF CONSTANTS

THE 6 REFRACTION PARAMETERS

PRINT INDICATOR

COVARIANCE MATRIX FOR EACH STATION

TIME (HRS) BEFORE WHICH OBSERVATION IS NOT TO BE COMPUTED
TEMPORARY VALUES FOR OBSERVATIONS

FLOATING POINT =3.0

FIOATING POINT =2.0

FLOATING POINT =24.0

ARRAY OF OBSERVATION TYPES DESIRED - PACKED

LAUNCH TIME IN HOURS

UNPACKED TYPE ARRAY FOR CURRENT STATION

MASS OF VEHICLE o

LOCAL SOLAR TIME USED IN DRAG COMPUTATION

TOTAL NUMBER OF HOURS IN THE LAUNCH YEAR

TABLE OF MACH NUMBERS

CURRENT INDEX OF REFRACTION

FLOATING POINT NYEARP




5.5 EXECB2 Labelled Common

/CSTAT/
STAT(26,26)

/D1/

cwLIN(9,21)

/CBD/
RAT(3,21)

-Dopo’

"S.pc-

-Dopo-

SUBROUT INES BYSB2, STTB2, B2INPT, BPRB
COMPLETE Q MATRIX (STATISTICS)

ENCKE SUBROUT INES-EB2DER, EBITG, EBNT
PERTURBATIONS AND 1ST AND 2ND DFRIVATIVES
FOR NOMINAL AND BIASES - (ENCKE INTEGRATIONS)

COWELL SUBROUT INES-CB2DER, CBNT

2ND DERIVATIVE OF PERTURBATION FOR NOMINAL
AND BIASES
(COWELL INTEGRATIONS)



6.0 Subroutine Descriptions

The subroutine descriptions which feollow provide details of
the Individual subroutines. The descriptions are craanized accerd-

ing tc the following outline.

X. Subroutine DUMMY (ARGl, ARG?2)
X.1 Purpose
X.2 Method
X.3 Program References
X.3.1 DUMMY is called by:
X.3.2 DUMMY calls:
X.4 1/0 Data*
X.4.1 ‘Inputs frcm COMMON
X.4.2 Outputs to COMMON
X.4.3 Other Inputs
X.4.4 Other Outputs
X.5 Symbols Used*
X.5,1 COMMON Symbols
X.5.2 Other Symbols (Including Definitions)
X.6 Equations Used
X.7 Flow Diagram
* Vaeriebles are listed in two groupe, elphabetically. The
first group is double precision, the second group 1is
single precision.
The subroutines which are described and the sub-programs

which use subroutines are as followss




. X Subroutine  EXEC X Subroutine  EXEC
| A Bl B2 A Bl B2

1. ATIM X 24. EXECA X - -
2. CCHREF X X 28, FIX X X X
3. CDERIV X X 26. INPUTA X

4. CINT X X 27, KEPLER X X

5. CINTRE X X 28, MAINA X

6. CITGRA X X " 29, MODELA X X

7. CMNOBP X X 30. NUTPRE X X

8., CMVDRG X X al. OBD X

9. COBDRG X X 32. OBSPRA X

10. %CRSTRE X X 33, PFINIT X X

11. DDOT X X X 34, PPLGHT X X

12, DMTML X X X 38, PRINTA X

13. DOMUD X X 36. RECT X X

14. ECWREF X X 37. SERVCE X X X
5. FNERTV. X X 38. STACUL X X

16. EINT X X 39. STAPOS X X

17. EINTRP X X 40. T IMNGA X

18. E ITGRA X X 41. XFORM X X

19. FEMNCBP X X 42, BAYSB1 X
20. EMVDRG X X 43. DALFA X
21. EOBDRG X X 44, EXEC§l X
22. EPHEM X X 45, FLORNG X X X
23. *ERSTRE X X” 46, INPTB1 X

*The function of storing and re-storing provided by these routines
is not used in EXECBl. Therefore, they can be replaced by dummies
or removed. They sre presently retained as dummies to maintain
similar integration packages in the A snd Bl sut-programs.



X Subroutine

47.
48,
49,
50,
51,
52.
53.
54,
5%,
56.
S87.
88.
59.
60.
61.
62,
63.

64.

6%.

66.
67.
68.
69.

MAINB1
MAT INV
OBSRB1
ONOBS
ONPTL
PASMB1
PB1A
PRNTB1
PTBI
PTLSBI
REWIN
SBSRB1
SNOBS
SNPTL
STATB1
STLSB1
SUMARY
SYMMAT
B2BOB
B2BIT3
B2EPHM
B2EXEC
B2INPT

>

® X X X X > X

70.
71.A
71.B
72,
73.
74..
7%,
76.
7.
78.
79.
80.
8l.
82.
83.
84,
8s.
86.
87.
8s.
89.
90.
91.

B2KEP
B2MAIN
B2MA IN
B2NUT
B20BOS
B20COL
B20ONPL
QZPASM
B2PL ST
B2RECT
B2STOB
BPRA2
BPRB

" BPTA2

BPTLS
BYSB2
CB2DER
CBCHRF
CBITG
CBMNOB
CBMVDG
CBNT
CBOBDG

>

]
>
3]
9]

" |

XXX*XXXXXXXXXXX*XXXXXXXB




X Subroutine EXEC X_Subroutine EXEC
A B1L B2 A° Bl B2
92. DLFB2 X 99. EBNT X
93. DMUDB2 X 100. EBOBDG X
94. EB2DER X 101. MDL32 X
95. EBCHRF X 102. OBBSR X
96. EBIIG X 103. STPSB2 X
97. EBMNOB X 104. STTB2 . X
98. EBMVDG X 105. XFRMB2 X

Many of the subroutines in the EXECB2 sub-program are
equivalent to the corresponding subroutines in the A and Bl sub
programs. New names were assigned to equivalent subroutines for
two reasons:

1. COMMON is different between EXECBl1 and EXECB2,

2. Subroutines called by a B2 subroutine may have different

names then those in the equivalent Bl subroutine.



7.0 References

Ref. 1. Analytical Manual for Goddard Orbit Determination Program,

Sperry Gyroscope Report No. AB-1210-0038, April 1965.

Ref. 2. Users Manual for Goddard Orbit Determination Program,

Sperry Gyroscope Report No. AB-1210-0038-2, April 1965.




l, Subroutine ATIM

1.1 Purpose
This subroutine is used in the prediction mode A4. It will determine the
exact time the vehicle comes within sight of a given station. The time of

polar base line and meridian crossings are also calculated.

1.2 Meth
When NEL‘Z 0, the vehicle is in sight and only the 1 and m direction
ccsines are to be tested to determine the time of polar and meridian crossings.
When NEL € 0, the acquisition time is to be determined. This is the exact
time the vehicle comes over the horizon with respect to a particular ground
station. The vehicle is considered in sight when the elevation angle is greater

than scme inputted value (EMIN). The time is exact to within an inputted delta

(PSELY.

1.3 Prcgram References
1.3.1 ATIM is called by:
CBSERA

1.3.2 ATIM calls:

CINT, CRSTRE, EINT, ERSTRE, KEPLER

i.4 1/C Data

Te4el Inpute from CCMMCON

DSFL, DT, ENIN, CLEL, RPTB, RTB, SiVD, SV, oVi, I, "33, 770

Lol

CEPTN, KS2RY, MFLUS1, MPIUS2, NFET., VSETYF



142 Output to COMMON
DTI, RC, RDC, TAQ
NEL

1.4,3 Other Inputs
None
1.1“1. Other Outputs )
TFEL = time of meridian crossing
TPEM = time of polar base line crossing

1.5 Syphols used other ihan COMMDN

OL » 0IEL - EMIN
YCOMgOMl2) ~ EMIN

Intorpohtion formula to determine time of crossings

Saved direction cosine x (T... -T )
T p =T pregent = “paved’
of crossing Present direction cosine - saved direction cosine
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2.1 Purpose

This subroutine tests criteria for changing of the reference body when
the Cowell integratcr is used. Even though a change of reference body in
the Cowell method is nct necessary, it is utilized in the program in the same

manner as in the Encke integrater.

2.2 Meth

The criteria for reference body change depends vpon the location of the
vehicle with respect to the planetary bodies. If within 12 E.R, of the mocn,
the program computes the effective radius of activity for the earth-moon
system in the region where the vehicle lies. If not within 12 E.R. of the moon
but within the sphere of influence cf any one of the planets, it *ests the vehicle!
distance from the reference body center against the radius of activity of the
particular planet. When in sun reference, it tests to determine if the vehicle
has entered the region cf influence cf any cne of the planets. Upon determining
that a transfer is indicated, flags are set so that the position and velocity
vectors cf the vehicle are translated to be with respect to the new reference
body.
2.3 Program References

2.3.1 ICHREF is called by:
CITGRA

2.3.2 CCHREF calls:
DNCT, EPHEM, SERVCE

2.4 1/0 Data

2.4.1 Inputs from COMMON
CPOS, CVEL, DPADD(1), DPADD(10), DT3, RC, RDC

KWEMU, MBMAX, MPLUS1, MPLUS2, MPLUS3, MWREF, ONE
2.4.2 Outputs to COMMON

DPADD(1-7), DT3, RC, RDC, T
KOMP, MWREF




2.5 Symbala Uned
2.5.1 COMMX symbols
TPMAT,, TPMAT5, TFMAT6, TPMAT7, TPMATS
2,52 Other symbols 7
RACT(7) - radius of activity for each of 7 bodies

RMAGF ~ open function to compute magnitude of a vector

X - index denoting reference body
ISW = index used in earth-meoon reference
MFS -~ saved MIREF

SWT - switch used in earth-moon reference

2.6 Eguations Waed
See Ref, 1, Section 3.5.
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3, Subroutine CDER1V -

3.1 Purpose

This subroutine evaluates the acceleration terms for the Cowell integrator.
There are two versions to this routine. The maximum version includes radiation
pressure acceleration terms and can print eclipse information. In the minimum
version, these computations are eliminated.
3.2 Method

The subroutine computes the planstary perturbations, powered flight accelera-
tions, and the solar radiation pressure perturbations. Earth oblateness and drag
are computed in the subsidiary subroutine.COBDRG, lunar oblateness accelerations
in CMNOBP, and the drag of Mars and Venus atmosphere in CMVDRG.
3.3 Program References
3.3.1 CDERIV is called by:

CINT |
3.3.2 CDERIV calls:
CMNOBP, CMVDRG, COBDRG, DDOT, DOMUD, EPHEM, SERVCE
3.4 1/0 Datsg
3.4.1 Inputs from COMMON
3.4.1.1 CPOS, DYN, PEROBL, PFPAR, RC, RDC,
IPFT, KSDRG, KSPLT, KWBMU, MBMAX, MPLUS2, MPLUS3,
MWREF, PFON, THREE, TWO

3.4.1.2 Radiation pressure portion only

DPADD(11-15), DIN, T, TWOPI
IXADD(1-4), KECLPS, KSRAP, MPLUS1, ONE, RADII

3.4.2 Outputs to COMMON

3.4.2.1 RDDOT



3.4.2.2 Radiation Pressure portion only

DPADD(11-15), DYN
IXADD(1-4)

3.5 Symbols Uged
3.5.1 COMMON Symbols - used only in Radiation Pressure Portion.
"PMAT2, TPMA14, TPMAT5, TPMAT6, TPMAT7, TPMATS, iPMAT9

3.5.<4 Uther Symbols

3.5.2.1 DU -~ temporary solution used in cqmputing planetary acceleration
ENKEF - open function to compute planetary accelerations
SDDXI(3) - temporary storage of planetary (and pressure) acceleration
SRVB(3) - vector from vehicle to perfurbing body.

U(3) - temporary solutions used in computing planetary accelerations.

. N - index for current working body
PLANT1 - BCD word = PLANET
3.5.2.2 Radiation Pressure Portion only

TC - time of crossing into moon umbra, umbra, sunlight or penumbra.

1EC, ILUM, IPEN, IREF, ITWICE, JIM, JOAN - flags.
XK - factor describing foreshortening of umbral cone due to bending
of light rays traveling through the atmosphere.
3.6 Equations Used
See Ref. 1, Section 4.
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4o Subroutine CINT (IENT)

4.1 Rruoss S _
This subroutine is the Cowell integrator, Runge-Kutta integration is
used for short time integration and to start the Nordsieck long time integre-

tim.

42 Mathad o

Vhen IENT = 1, a norml integration step using the Nardsieck méthod is
taken, This method is not self-starting. A4 table of six previcus time steps
mst be formed, The initialisation is dome by taking Funge-EKutta steps.

When IENT = 2, only a Runge-Kutta integration step is takem.

Vhen IENT = 3, the delta of integration is changed. When in Hordsieck
integration, the stored time table must be adjusted. |

. Double rrecision solution ef accelerations is used throughout.

4.3 Irogxam References
he3el CINT is omlled by:

ATIM, CITGRA
‘-0302 CInNTr u]hx
CDRRYV

4ok I1/Q Daia
Inputs from COMDN,

DT, OIDT, RC, ROC, RDDXT, T
IP, MPLIB1, MPLIE2, MPLUS, OME, RTO, THREE

Lehe2 Outputa to COMDN
KC, JOC, T
P




404.3 Other Inputs
JENT
hLelvols Other Outputs

None

4.5 Symbols Used Other Than COMMN

BRG(5,6) -~ Adjusted values of velocity and acceleration of the last six
integration steps

CON(5,6) —(Date) matrix of constants for Nordsieck Integrator

DIFFY - Difference between the prediction and exact value of variables
to be integrated

H = Delta of integration

QT(6) - Runge-Kutta Integration multiplier
REKA(4) - (Data) Runge-Kutta constants

.RKB (4) - (Data) Runge-Kutta constants

RKC (L) = (Data) Runge-Kutta constants

RKFT - Temp storage for Runge Kutta Integrator
REKT(,) ~ (Data) Runge-Kutta constant

RPY(6) - Temporary matrix of velocity and acceleratin vectors for Runge-
Kutta integration

RPYN(6) — Predicted velocity and acceleratin vectors for Nordsieck integratiom

RY(6) - Temporary matrix of position and velocity vectors for Runge~Kutta
integration

TQU - Runge-Kutta integration mmltiplier
IK(6) - Obata) Nordsieek comstant
IX - Not used

Y(6) - Temporary matrix of position and velocity for Cowsll imtegrator




YIP(6) = Temporary matrix of velocity and acceleration for Cowell integration
YP(6,6) = Saved velocity and acceleration terms of six Runge-Xutta steps
m’- Temporary variable

BET - Ratio between Norddieck and SREIS RNtEAMegretion st p size
BEIT - Temporary storege

 COEF(11) - (Data) constants for Nardsieck integration

46

CTI - Temporary storage
IoT - Flag

EB -~ Temporary ooumter
KY = Temporary comter

Equations Used

Runge-Kutta Gill method of integration

Nordsieck method of integration
See Ref. (1), Section 3.2.3
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5, Subroutine CINTRP (X1, X2, X3, GV, DRAGHI)

5.1 FPurpose
This subroutine evaluates the density of air as obtained from high atmosphere

drag tables.
542 Mathod
Drag tables are stored in this routine along with a routine for interpolating ‘

within the tables. A separate subroutine (COBDRG) calls thisroutine. This

routine does not contain COMMDN since the lengthy data plus COMMON overlcad ~

certain campilation limitation set by FORTRAN IV,

543 W 4
CINIRP 1s called by: - = -
COBDRG |

5., J/ODatg
50401 Inputs
X - Altitude of vehicle
X2 - solar flux
3 - loee.l golar time
50442 Outputs | |
| GV - Log of air density interpolated from table. It is computed by
linear interpolation from the drag table (TDENEI) corresponding
to twilight.
DRAGHI - Intérpolated value of density from Harris-Priester high .
-altitude drag tables (DENHI) B
5.5 Symbols Used

AL(3) - the 3 inputs in array farm

5-1 -




H(1) - altitude of vehicle normalized to values in log tables
H(2) - solar flux at input normalized to values in log tables
K(3) - local solar time at input normalized to values in log tables

DENHI(16,4,3) - Harris~Priester density tables (Data)

*JAL(I) - temporary matrix

IAIT - equivalence IAL(1)

#IJ(I) - (Data) set of indices used for interpolating

*TK(I) ~ (Data) set of indices used for interpolating

IIST - equivalence IAL(3)

ISF - equivalence IAL(2)

TDENHI(16,4) ~ table of densities at twilight (Data)

TABIE (33) - general table used to control interpolation (Data)

*I = 1, altitude

1l

2, solar flux
= 3, local solar time

5.6 Equations Used
Iinear interpolation in tables. See Ref. 1, Section 4.
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6. Subroutine CITGRA

6.1 RDurpose
This subroutine serves as the sub-main program governing calls to the
integration subroutines in the Cowell method,

6.2 Mathod ‘

The program first checks to see if in powered flight. If not, it checks
to see whether to change reference. Depending an position, the delta of inte-
gration and printing are determined and Aintegration is performed up to TP, If
the TD is not a normal integration step, the time, position and velocity vectors
of the last integration step are saved and integration is performed up to the
" time, ID,

6.3 Irogmmn References
6.3.1 CITGRA is called by:

A - MATHA
Bl - MATRB1

6.3.2 CITGRA calls:
CCHREF, CINT, CRSTRE

6.4 1[0 Data
6¢4e1 Inputs from COMMON
DT3, PFPAR, FRNT3, R1, MG, T, TD, TL
FIX, IDER, IP, IPFT, KOMP, IML, MPLIS1, MPLUS2, WLIS3, MIREF, OME,
FFON, PWRP, RT0, THREE
6ehe2 Outputs to COMON

DEILTP, DTI, CIDT, SAVD, T
CNT, IDER, IP, KOMP, TSTRO



6.5 Swibals Used
6.,5.1 COMMDN Symbols
SAVD - Saved Tl
6.5.2 Other Symbols
EDT - special integration step size

TSTI:: - cifference in time between next integration time (TTEMP) and
the time of interest (TD).

TTEMP - next integration time

TRF -~ distance indicator, determining when to check for r.terence changs

6.6 Equations Used

None

6.7 Flow Disgrap
See EITGRA (18,7) with no test for rectification.




7. Subroutine CMNOBP .(K)

7.1 Purpose

This subroutine computes the acceleration due to lunar oblate-
ness. Optionally, it c@ﬁ'compute the libration and the effect of

the earth's Jyo term, for Cowell integration.

7.2 Method

When K.: 1, the libration matrix is computed and then
precessed and nutated.

When K = 2, the earth's Jyg oblateness term is calculated.

When K

3, both lunar and earth oblateness (J20 term)

are computed.

7.3 Program Refgrencgs
7.3.1 CMNOBP is called by:

A - CDERIV, OBD
Bl - CDERIV

7.3.2 CMNOBP calls:

DDOT, DMTML, NUTPRE, SERVCE

7.4 I[O Data

7.4.1 Inputs from COMMON
CKMER, CPOS, CRAD, D, DYN, E, EQ, PRENUT, PSI, RC, T,
TSVT, TWOPI, XC, X0
IOBLAT, KLIBR, KSMNOB, KSOBL, MPLUSI, MPLUS3, ONE, TWO
7.4.2 Outputs to COMMON -
PEROBL, PROPNL, XM
7.4.3 Other Inputs
K
4.4.4 Other Outputs

None 7-1



7.5 Symbols Used
7.5.1 COMMON Symbols °
TPMAT, TPMAT1, TPMAT4, TPMATS, TPMAT6
7.%5.2 Other—Symbols
7.%.2.1 Libration Matrix _
AIOTA, CDEL, CEE, CI, CcO, cosp, Ccv, DEL, DOSI, EE, G,
GP, GW2, G2W2, OSP, SDEL, SEE, SG, SI, SIR, SO, S02,
SOSP, SOV, V, W, W2 '
AU, R
See Ref. 1, Appendix A -t
7.5.2.2 Jy, OblatenesS Term i
PARC, PARU - temporary comgonent;.
ZDRSQ - (2/5)2
7.5.2.3 Lunar Oblateness Terms

REPR - temporary term.

7.6 Egquations Used
See Ref. 1, Section 4 for Earth and Moon Oblateness

See Ref. 1, Appendix A for Libration.

‘7~. 2
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8. Subroutine CMVDRG

8.1 Iurpose
This subroutine computes the perturbations due to drag in the Mers or
Venus atmospheres in the Cowell integrator.

8.2 Mathod
The coefficient of drag is determined by interpolation from given dreg
tables as a function of relative vehicle velocity and altitude,

8.3 Irogram References
8.3,1 CMVDRG is called by:
CDERIV

8.3.2 CMDRG calls:
SEPVCE, DDOT

8.4 1/0 Data
8.4.1 Inputs from COMMN
CKSERH, ERAD, RATEV, RC, RDC
CDT, DAREA, KSDRGM, ESDRGV, m.m1, MPLUS3, MIREF, RADII, VMASS, IMACH
B.ke2 Outputs to GOMMON
PYN(50), PEROBL
8ele3 Other Inputs
Nomne
8.4e4 Other Outputs
None

845 Symbols Used



8.5.1 COMMON Symbols
TPMATS
8.5.,2 Other Symbols
AIT -~ height above planet surface
C - ratio of relative vehicle velocity to speed of sound at altitude
CD - drag coefficient
DRAG. - temporary solution used in drag computation
PL = air density

VA(3) - components of relative velocity between vehicle and air mass
at altitude

VAMAG - magnitude of VA(I)
XILOGPL - log of air density as interpolated from table, DEND

*AIDTD (15,I) - table of reference altitudes (Data)

"MEND(15,1) - table of densities at refsrence altitudes (Data)

%SESD(15,I) - table of speed of sound at reference altitudes (Data)
#] = 1 for Mars atmosphere

= 2 for Verus atmosphere

8.6 Hauaticns Used
" See Refsrence 1, Section 4.
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9. Subroutine COBDRG

9.1 Purpose
This subroutine computes the oblateness and air drag

perturbations due to earth for the Cowell integrator.

9.2 Method

Obilateness is computed in a flexible algorithm which can
be used for zonal and tesseral harmonics of any order. The drag
perturbation is computed in conjunction with Harris-Priester drag
tables (high altitudes} or the U.S. Standard Atmosphere (low

altitudes).

9.3 Program References

9.3.1 COBDRG is called byr
CDER1V h
9.3,2 COBDRG calls:

1]

CINTRP, DDOT, DMTML, DOMUD, NUTPRE, SFRVCE

G.3 1/0 Data

9.4.1 Inputs from COMMON
CKSERH, CRAD, DYN, EPSS5Q, ERAD, GAM, HMU, PRENUT, RC, RDC
CDT, DAREFA, TOBLAT, KOBLAT, KSDRG, KSOBL, M6, MPLUS1,
MPLUS2, MPLUS3, ONE, THREF, TWC, VMASS, XMACH

9.4.2 Outouts to COMMON

DYN, PEROBL
XLST

9.4.3 Other Inputs and Outputs

None



9.5 Symbols Used
9.5.1 COMMON Symbols

TPMAT, TPMAT4, TPMATS
9.5.2 Other Symbols
9.5.2.1 Drag Portion
ALT - height above earth
CLAT - cosine of latitude of vehicle
DRAGE -~ density computed from tables
DRAGHI - temporary storage of DRAGE
GV - density from twilight tables and low altitude tables

VA (3) - components of velocity of vehicle with respect
to air mass

VAMAG - magnitude of VA vector

XLQT - local‘solar time

ALTLO (32) - fable of reference altitudes

DENLO (32) - table of reference air densities

SPSDLO (32) - table of reference speeds of sound
9.5.2.2 Oblateness Portion

ACOEFF, ATEMP, BCOEFF, BTEMP, COEFF, CTEMP, DG (3),
DOEFF, GXY - temporary computed coefficients

HC (21) - factorials from 1 through 21

RTEMP (4) - components and magnitude of vehicle position
vector transformed to geocentric system with
X-axis through Greenwich

SAVE (3) - temporary storage for oblateness acceleration

VALUEB - temporary computed coefficient

X2, X2Y2, X33XY2, XYX2, Y33YX2, Y2, ZDR, ZDR2 -
temporary values derived from X, Y, and Z




DR (3) - the 3 partials in eq. (30), Ref. 1, Sect.
ICMN - index of ¢ coefficient desired (DYN array)

INDX - index

ISMN - index of S coefficient desired (DYN array)

LOBLAT, M, MP, N, NOFP, NM, XK, XM, XN, XNM, XNMK,
XNMKM, XNOFP - temporary variables

9.6 Equations Used

See Ref; 1, Section 4.3.2 for Oblateness

See Ref. 1, Section 4.4 for Drag

9-3
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10, Subroutine CRSTRE (ICR)

10.1 IPurpose
This subroutine saves or resto:bea time, position, velocity and accelera-
tion of the vehicle at any d--

[

time = for the Cowell integra.™-r,

10,2 Meihod

When IR 1 the inform = is saved

When I'R 1 the saved information is restored

10.3 ZErogram References
CRSTRE is called by:
A — ATIM, CITGRA, MATNA
Bl - CITGRA

10.4 I/0 Data

RC, RCINT, EDC, RDCINT, RDDOT, RDDOTS, T, TINT
IP, IPINT

10.4.2 Outputs to COMMON

RC, RCINT, RDC, RDCINT, RDDOT, RDDOTS, T, TINT
IP, IPINT

10.4e3 Other Inputs
ICR

10.4.4 Other Ouputs

None

10,5 Symbols Used other thap COMMDN
None

10,6 Eguations Used
None
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10.7 FLOW DIAGRAM - CRSTRE
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11, Function DDOT (A,B)

11.1 Rugpose
This function computes the dot product of 2 vectors.

11.2 Method
Components of the vectors are in the calling sequence.

11.3 ZErogram References
DDOT 18 called by most routines in 4, B, &3 32 prc, “arc.

11.4 1/0 Daia

11.4.1 Inputs

A « the first input vector
B = the second input vector

11442 Outputs
the DDOT

11.5 Symbols Used
None

11.6 Eguations Used
DDOT = Ay By + Ay B, + 43 B,

11 -1
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12, Subroutine DMIML (A,B,C,I,J,K,L,M,N, IAC,JAB,KEC, IFLAG)

12.1 Rurpose
This subroutine mltiplies two double—precision matrices of any sige up

to 26 x 26 normally, or two matrices in which the second is transposed. The :
result is stored either in a third matrix or in ome of the two input matrices.

12.2 Mathod 4
When IFLAG = 0,1 multiplication is done by rows of A so that A ‘m.n be
overwritten if desired.
When IFIAG = 2, B is transposed and then proceeds as for IFLAG = 3,
Note:  Care must be taken that the produc ‘! will fit with the dimensiomsof B,
When IFIAG = 3, multiplication is done by colums of B and the result is
stored in B,

2.3 Prorram References
DMIML is called by many subroutines in A, Bl and B2,

12.4 1/0 Daia

12.4.1 Inputs
A - the first input matrix
B - the second input matrix
I - number of rows A is actuwlly dimensioned by
J - mumber of columms A is actually dimensioned by
K - number of rows B is actually dimensionsd by
L = mmber of colums B is actually dimensioned by
M = nmumber of rows C is actmlly dimensioned by
N-mmborofoolmncunﬂglhmwhy

120

i g



IC - mmber of rovs of A and C to be used
J1B ~ mumber of colums of A and rows of B (ar B') to be used
KBC - number of columns ofB(orBT)andCtobeused
IFLAG - flag for type of multiplication and where stored
=0 A,B inC (ord)
=1 A.B 1inC (or A)

=2 A L.B inB
=3 A,B inB
12442 Outputs
C - resultant matrix — either A, B or a third C

12,5 Symhola Used A
SAVRO(26) - the saved row of A or colwm of B
| I = temporary storage
IFI61 - flag word
IFIG2 - flag vord

12,6 Ronalions laed
¢33 = 2 A(LK) .B(,J) ford.B

¢, = £ ALK .BEK)  ford. o
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13. Subroutine DOMUD (TEST)

13.1 Purpose

This subroutine decides whether an error has occurred.
13.2 Method

The program checks the Overflow and Divide check indicators.
If either is on, AMUD is set equal to TEST and an error printout

is written, unless‘TEST = 0.

[}

13.3 Program References
13.3.1 DOMUD is called by:s

A - CDERIV, COBDRG, EDERIV, EOBDRG, KEPLER, NUTPRE,
OBSERA, PRINTA, RECT, STAPOS, XFORM

Bl - DALFA, ‘INPTB1, PASMBl, PTB1, STATB1
13.3.2 DOMUD calls:

DVCHK, OVERFL

13.4 1/0 Data

13.4.1 Inputs from COMMON
None

13.4.2 Outputs to COMMON
AMUD

13.4.3 Other Inputs
TEST

13.4.4 Other Outputs

“Error in (TEST)}®™ - when eit her indication is on

13.5 Symbols Used Other Than COMMON

J - flag for divide check and overflow indicators = 1,

13.6 Eguatjons Used ,
None 13 -1
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L.l Dxnpose
This subroutine determines when to change the reference body, for Encke

integration.

1.2 Mathal
See CCHREF (2,)

1.3 Erogram References
14.3.1 ICHREF is called by:
ETTGRA
14.3.2 EHREF calls:
DDOT, EPHEM, KEPIER, SERVCE
.. I1/0Data
14.4.1 Inputs from COMON

CFOS, CVEL, DPAID(1-3), DPADD(10), DT3, RC, RDTB, RTB, T
KS2BY, KWBMU, MSMAX, MPLUS1, MPLUS2, MPLUS3, MIREF, ONE

1fehe2 Outputs to COMMOR
pPADD(1~7), DT3, RC, RDC, T
KOMP, MWREF

14.5 Symbols Used
14.5.1 COMMN Symbols
TPMAT,, TPMAT5, TPMAT6, TPMAT7, TPMATE
14.5.2 Other Symbols
RACT(7) = radius of activity for each of 7 bodies

RMAGF - open function to compute magnitude of a vector




DX - index denoting reference body
ISW - index used in earth-moon reference
MFS - saved MIREF

SWT - switch used in earth-moon reference

1.6 Huationa Taed
~ See Ref. 1, Section 3.5.

14.7 Flow Diagram
See CCHREF (2.7)
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15. Subroutine EDERIV

15.1 Purpoge

This subroutinebevaluates the perturbation terms for the Encke integrator.
There are two versions of this routine. The maximum version includes radiation
pressure acceleration terms and eclipse information. In the minimum version,
these computations are eliminated.

15.2 Method

This subroutine computes the Encke terms, the planetary perturbations,
and the radiation pressure perturbations. The effect of thrust is included by
assuming that the powered flight trajectory can be computed from a Chebyshev
polynomial expansion based on the initial thrust conditions, vehicle mass and
mass rate. Earth oblateness and drag are computed in the subsidiary subroutine
EOBDRG,; lunar oblateness perturbations in EMNOBP, and the drag of Mars and Venus
atmosphere in EMVDRG.

15.3 Program References
15.3.1 EDERIV is called by:
EINT
15.3.2 EDERIV calls:
DDOT, DOMUD, EMNOBP, EMVDRG, EOBDRG, EPHEM, KEPLER, PF:GHI. SERVCE
15.4 1/0 Datg
15.4.1 Inputs from COMMON
15.4.1.1
CPOS, DYN, PEROEL, RDTB, RTB
CWLIN, KSDRG, KSPLT, KWBMU, MBMAX, MPLUS1, MPLUS2, MPLUS3, MWREF,
PFON, THREE, TWO
15.4.1.2 Radiation Pressure portion only

DPADD(11-15), DYN, T, TWOPI
IXADD(1-4), KECLPS, KSRAP, MPLUS1, ONE, RADII
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15.4.2 Outputs to COMMON
15.4.2.1 RC, RDC
15.4.2 Radiation Pressure portion only

DPADD(11-15), DYN
1XADD(1-4)

15.5.1‘ COMMON Symbols-used only in Radiation Pressure portion
TPMAT2, TPMAT,, TPMAT5, TPMAT6, TPMAT7, PMATS, TPMAT9
15.5.2 Other Symbols
See CDERIV(3.5.2) with the exception that DU and SLDXI are single
precision variables. |
15.6 Equations Used
See Ref. 1, Section 4.

15 - 2
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16, Subroutine EINT (IENT)

16.1 Iirvose

The subroutine is the Encke integrator. R\mgé—l(utta integration is used

for short time integration and to start the Nordsieck long time integraticm.

16.2 Method

Single precision solutlion of accelerations are used throughout.
tion occurs at frequent intervals so that roundoff in the single precision inte- '

grator does not unduly affect the rrecision of the Encke Method.

16.3 Erogren References

16.3.1 EINT is called by:
ATIM, EXTGRA

16.3.2 EINT calls:
EDERIV

16.4 1/0 Daia

_16.4.i Inputs from COMMON |
See CINT plus CWLIN (4.)

164442 Outpufs to COMDN |
See CINT

16.4.3 Other Inputs
IENT

. 16444 Other ocutputs

None

16 <1
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16.5 Symbols Used
See CINT

16.6 Equations Used

See CINT

16.7 Elow Diagran
See CINT (4.7)
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17. Subroutine EINTRP (X1, X2, X3, GV, DRAGHI)

This subroutine is essentially the same as subroutine
CINTRP (5.).
The differences, which arise from the fact that it is used
in a different program 1link, ares
a) EINTRP is called by
EOBDRG

b) the variables AL, H, GV, X1, X2, X3 are
single precision. )

17-1



18, Subroutine EITGRA

18.1 Dppme
This subroutine serves as the sub-main program governing calls to the
integration subroutines in the Encke method.

18,2 Mathod
~ See CITGRA (8.)

18.3 FProgram References
18.3.1 EITGRA is called by:

A - MATRA
Bl - MAIN Bl

18,3.2 EITGRA calls:
KCHREF, EINT, ERSTRE, KEPLER, RECT

18.4 10 Inta

18.4.1 Inputs fram COMDN
DT, DT3, OIDT, FFPAR, RRNT3, R1, R2, RC, RDTB, RT1l, RT2, RTB, T, TD, YCOM
CNT, CWLIN, FPX, IDER, IP, IFFT, IXADD(14), IXADD(16), KQMP, KS2BY,
KSPIT, IML, MAXSTA,WPLIS1, MPLUS2, MPFLUS3, MIREF, ONE, FFON, PURP, RTO,
SPADD(9), THREE

1844.2 Outputs to COMDN

DELTP, DTI, OLDT, RC, ROC, SAVD, T, TD
CNr, IDER, IP, KOMP,ISTA, SPADD(9), TSTHO

184443 Other Inputs

None
18.4e4 Other Outputs
‘ None

181



18.5 Symbols Uned
See CITGRA

18,6 Inuaticns Used

18 « 2
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19. Subroutine EMNOBP (K)

(R

This subroutine is an exact duplicate of subroutine CMNOBP (7.).

Its usage differe in that it is called by EDERIV rather than CDERIV.

19-1



20. Subroutine EMVDRG

20.1 Purpoge
This subroutine computes the drag accelerations due to the atmospheres

of Mars and Verus in the Encke integrator.

20.2 Method
The coefficient of drag is determined by interpolation from given drag

tables as a function of relative vehicle velocity and altitude.

20,3 Program Referenceg
20.3.1 EMVDRG is called by:

EDERIV
20.3.2 EMVDRG calls:

DDOT, SERVCE

20.4 Input/Output Date
See CMVDRG (8)

20.5 Symbolg Used
See CMVDRG

20.6 ti U

See Reference 1, Section 4.

20.7 Flow Diagram
See CMVDRG (8.7)
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21. Subroutine EOBDRG

21.1 Purpose

This subroutine computes the oblateness and air drag

perturbations due to earth for the Encke integrator.

21.2 Method

See COBDRG (9)

21.3 Program References

21.3.1 EOBDRG is called by:
EDERIV
21.3.2 EOBDRG callss

EINTRP, DDOT, DMTML, DOMUD, NUTPRE, SERVCE

21.4 1/0 Data

See COBDRC:

21.5 Symbols Used
See COBDRG with the following exceptionss

a) XLQT is omitted

b) Most of the variables used are single precision.

21.6 Equations Used

See Ref. 1, Section 4.3.2 for Oblateness

See Ref. 2, Section 4.4 for Drag

21.7 Flow Diagram
See COBDRG




22. Subroutine EPHEM

22.1 Purpose

This subroutine evaluates the position and velocity vectors

of each of the 7 bodies with respect to the reference body.

22.2 Method

Tabular planetary positions are read from an ephemeris tape
and interpolated to give values for current time. An Everett's

Interpolation Formula fof equal'tabular intervals is used.

22.3 Program References
22.3.1 EPHEM is called by:

CCHREF, CDERIV, ECHREF, EDERIV, STACUL
22.3.2 EPHEM callss

SERVCE

22.4 I1/0 Data

22.4.1 Inputs from COMMON

AUERAD, DPADD (16), DPADD (17)
IXADD (19), MPLUS2, MWREF, ONE, THREE, TWO

22.4.2 Outputs to COMMON

CPOS, CVEL, DPADD (16), DPADD (17)
IXADD (19)

22.4.3 Other Inputs - from logical tape 8
WASTE, TABLE (210)
22,4.4 Other Outputs

None
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22.5 gSymbols Used
22.5.1 COMMON Symbols

TPMAT4, TPMATS, TPMAT6, TPMAT7, TPMT11
22.5.2 Other Symbols

HOUR - current time, from beginning of launch year

AEPH (6) - (Data) - array of intervals, in hours, for
~six planetary ephemerides.

I2 - Index used in interpolation

IEPH (7) - (Data) - array indicating correspondence
between sequence of planets on tape and in
CPOS array.

IR - Index used in properly positioning ephemeris tape.

JEPH (6) -~ Array generated for use in choosing correct
" tabular values.

K - index used in interpolation

K2 - index used in interpolation

KEPM (6) - (Data) - Array indicating number of tabular
values for each coordinate of the six planetary

bodies.

TEST - Value usedto determine if ephemeris tape must be
read at current time. .

Y

22.6 Equations Uséd
Given tabula? values f-2, f_;, fg, f;, fo, and f3 corresponding

to times T.2, T_3, Tg, T1, To and T3. It is desired to find f (T)

for To € T & T;. Everett's formula yields:

3 L - 4 4
PO =8+ Sme SE+SE+8E +5'E
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where, T\_—_(T—T‘;)/(T'--‘;)

S',,"' {"Po
S:: 'F. —af’*-{'
§'- b-zfed,

[

5'- £ -4t v et + £,

E 3

E= -n(n-D(n-2)/6

Ez'-' h+tdwn(wn-D/¢

!

E'= c(n+Dm(n=-D(n-2)n-3) /20

[

E.‘.t- (h+2X(n+ D) n(w-DY(n-2)/ 120

The velocity is given by:

TORARE . I U A L

° d+n ' dn ° dwn
PiRf B
where, f.l:.'-‘- _ __|__
dT T -T,
‘%%;: —(3n*-en +2)/¢
J‘di‘z: (3w -1) /¢
3‘;.}1: -(sn'-20n>+ 150 4+ 1o n —L)//zo
4
%;,EL = (snf -0ty 4)//26
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23, Subroutine ERSTRE (IER)

23.1 Iurpose.
This subroutine saves or restores time, positionm, velocity and the perturba-

tions of the vehicle at any designat.ed time - for the Encke integrator.

23.2 Mgthod

When TR € 1 the information is saved
When TFR » 1 the saved information i restored

23.3 Prograp References
ERSTRE is called by:

A - ATIM, ETTGRA, MA
Bl - EITGRA

23.4 1[0 Dala
23.4.1 Inputs from COMMIN

RC, RCINT, RDC, RDCINT, T, TINT
CWLIN, CWLINT, IP, IPINT

23.4.2 Outputs to COMMDN
Same as Input.

23.4.3 Qther Inmia
IER

23 .L.L Other Outputs
None

23.55 Symbols Used

None

23.6, Huations Used
None

23.7 Flow Diagran :
See CRSTRE (10.7) using IER rather than ICR.
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2,. EXFCA

3
~

24.1 ZDxrpose
This is the executive routine for the A male,

24.2 Method

The program simply alternates between calling INPUTA and MATNA until all
cagses have been exhausted.

24.3 FProgran References
EXECA calls:

INPUTA, MATNA

24.4 Symbals
- No COMMDN or internal variables used.



24.5 FLOW DIAGRAM — EXECA

24 - 2




25, Subroutine FIX (KTEMP, ITEMP, KNAME)

25.1 Furpose , :
This subroutine umpacks a word into 5 separate words.

25,2 Methaod
See "Equations Used" section.

25.3 Erogram Reforences |
FIX is called by many subroutines in A, Bl and B2 programs.

25.4 1/0 Data

25.4.1 Inputs
KTEMP -~ the packed word

254442 Outputs .
ITEMP(4) - the 4 lov order portions of KTEMP
KNAME = the high order portion of KTEMP

25.5 Symbols Used
ITEMP -
L~ temporary locations
K -
N -

25.6 Egquatlons Used
KNAME = nm/'loo‘

2

IRE() + TEE(2) # 100 + TTEVP(3) * 100° + TTEMPG) * 1000

25 -1




. '25.7 FLOW DIAGRAM - FIX

Kuame =  Xieme
S 100" .

LTEMP = KTEMP — KUANE ¥ 100

Lry-<T
K= joo*
N: LTeEm®e
Lteme:-Lreme~N-K
Iteme(L+) =N
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26, Subroutine INPUTA

26.1 Purpose

This subroutine reads in all data necessary for one rum.

26.2 Method

The subroutine initiamlizes necessary data and reads in sections desired.

Depending on the input quantity KSTDED, certain variables are either read in

or set up within the program to nominal values.

26.3 Progranm References

26.3.1 INPUIA is called by:

EXECA

' 26.3.2 INPUTA calls:

XFORM

26.,4 1/0 Datg

26.4.1 Inputs from CCMMON

None

26.4.2 Outputs to COMMON
INPERR

plus all initialized and inputted data

| 26.4.3 Other Inputs

For a complete listing of data deck, see Ref. 2, Section 2.1
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26.4.4 Other Outputs

A printout is made of all input quantities

26.5 Symbols Used

26,5.1 COMMON Symbols

TPMAT/, TPMATS8, TPMATO

26,5.2 Other Symbols

26,6

DYNARR(60) - (Data) ~ nominal values of dynamic states

SCAL(3,7) - (Data) - the matrix from which the array SCAIE is
chosen, depending on IUNIT

TZ - time from start of launch day

ALPHA(3,7) - (Data) - matrix from which the array PVALPH is
chosen, depending on IUNIT

CDN(40) - (Data) - standard coefficient of drag table from which
which CDT is set up

DAYN - number of days from January 1, 1960 to start of launch
year

ICMN - index for correct coefficient C,, in the DYN array
IPR(2) - (Data) - BCD information of integration methods

IR - index to tell how many records to skip to bring Ephemerls
tape up to current time

IR2 - the BCD word indicating the specified integration method
ISMN - index for correct %hn in the DYN array
ITITLE!12) - array read in for title i -un

XMACHN(40) - (Data) - standard Mach number tables from which
XMACH is set up

Equations Uged
None 26 -2
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27. Subroutine KEPLER

27.1 Rxposa
This subroutine computes the two-body position and velocity vectors.

27.2 Mathad
A Newton Rapheson scheme is used to determine the differential eccentric

anamly (BETA). After convergence, the two-body position and velocity vectors

are evaluated,

27.3 Irogram Reforences
27.3.1 KEPLER is called by:

ATIM, ECHREF, EDERIV, EITGRA, OBSERA, STACUL
27.3.2 KEFLER callss

DOMID, SERVCE

27., I1/0 Data
27.401 IIlputs fran COMM)N

¢z, DZ, RA, BDI, RI, SQTMU, T, TH, TI, TKEP
MPLIB1, MPLIS2, MPLIS3, ONE

27.4.2 Outputs to COMMON

BETA, EF1, EF2, EF6, EF7, RDTB, RTB, TBF, TBFD, TBGy- TRGD, TH,» TKEP, XFAC

KOMP
27.4.3 Other Inputs and Outputs

None

27.5 Symbols Used
27.5.1 COMMON Symbols
TPMAT,, TPMATS
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27,5,2 Other Symbols
C = See Equation (5)
DB =-r°-dos -coG‘
DELTM = '\17‘—’ (t=ty)
DIFF = error term in Newton-Rapheson iteration
R = equation (9) |
SC = equation (8)
U = equation (4)

X - saved value of TH

CKN(14,2) ~ (Data) coefficients used in developing the Kepler series
KEP - counter on iterations in Newton-Rapheson method
KEP1 - BCD word = KEFH

2% Ematics Uasd

n= \1/4 Q)

vhere 7
/{ = gravitational constant of the reference body
M= n(t—tI) ' (2)
vhere t = current time
t1 = time of last rectification
X is computed by solution of the transcendental equation:

M=r X+d C+ec,U=n(t -t (3)

ro = magnitude of position vector at last rectification

Gos 4, = initial values for series expansions
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and

6
IDIE SIS N IR
U—x3231—g%+ 6';3"'0.00 (A-)
= 1 - 2
c-PYL - B oy Lo Lo ... (5)
wvhere

a = semimajor axis of two-body orbit.

After solving for an X that satisfies equations (3) through (5), R(t) and

.o w
R(t) are found using the following equations:

P=] - g— (6)
To
g = 4=1 ‘ (7)
a
s=x-3 (8)
r=r = d S+¢ C (9)
q o]
£ = :A_ (10)
TTo
é =1 -% (11)
R(t) = fR_ + gR, (12)
R(t) = R, + R, (13)
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28, Subroutine MATNA -

28.1 Durposs
This subroutine handles the main flow of the rumn.

28,2 Method

MAINA calls subroutines which (a) govern the integration program, (b)
determine the time of next activity time (TD), (c) compute the observations,
(a) yrint'f\i,. Tt also modifies certain parameters used in the powered flight

portion of the program.

28,3 Program Raferences

28.3.1 MAINA is called by:
EXECA

28.3.2 MAINA calls:
CITGRA, CRSTRE, EITGRA, ERSTRE, OBSERA, FDUMP, PFINIT, FRINTA, RECT,
SERWCE, STACUL, TIMNGA

28.4 1/0 Data

28.4.1 Inputs from COMMDN
FFPAR, RCIN, RDCIN, T
CEPID, CWLIN, IFFT, ¥¥S, IRT, IXADD(5), KM, IFL, MAXSTA, MDE, MPLIE1,
MPLIS2, MPLUS3, MPLUS,, ONE, PASF, PASS, PRNT3, SPADD(9)

28442 Outputs to COMDN
DEITP, OIEL, RC, ROC, SVL, SVM, T, TAQ, TD, TKEP, TL, TSSA, TSUBN
AMID, CNT, ICOUNT, DER, IFFT, KOMP, KSTA, MFLAG, NA, NEL, NUT, PASS,
FFON, PIRP, TSTRO, VMASS

28.4.3 Other Inputs
None
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28,4.4 Other Outputs 7
28.4.4.1 DUMOBS - logical tape 9 - first word on last record of data

tape for MDE = 3.

28.4ehe2 T = for "START CF BURN" and "END OF BURN"

28,5 Symbols Used

None

28,6 Eguations Used

None
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29, Subroutire +%rif(K)

29.1 QRurpose

This subroutine —om:ot:s the index of refraction for troposphere or

ionosphere.

29.2 Mathad
When K = 1, compute troposphere model
When K = 2, camputs ioncsphere model

29.3 Irogram References
MDEIA is called by:
A - (BSERA
Bl - OBSRB1, SBSRB1
29.4 1./0Data
29.4.1 Inputs fram COMDN

STAGR
F2, HACC, ONE, TWO

29,42 Outputs to COMDN
XNNEW

29,443 Other Inputs
K

29.4.4 Other Outputs

29.5 COMMON Svmbols Used
TPMAT,

29.6 Eguatlons Used
SQO Ref, 1, Appondix C02020
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30. Subroutine NUTPRE (K)

30.1 Purpose
This subroutine computes the expressions used for determining
Greenwich hour angle, nutation and libration; the gamma matrixs and

the precession-nutation matrix.

30.2 Method

When K = 1, the expressions are evaluated

When K 2, the gamma matrix is computed

When K

3, the precession-nutation matrix is computed.

30.3 Program References
30.3.1 NUTPRE is called by:

A - CMNOBP, COBDRG, EMNOBP, EOBDRG, STAPOS
Bl - MAINBl plus A programs above

30.3.2 NUTPRE callst

DMTML, DOMUD

30.4 1/0 Data

30.4.1 Inputs from COMMON
CRAD, DIN, SEC, T, TIB, TSVT, TWOPI
HMIN, HRS, KSNAP, MPLUSI, MPLUS3, ONE, SIXTY, SUMCOM,
THREE, TWO, TWTA4 t

30.4.2 Outputs to COMMON

cT, D, DT, E, EQ, GAM, GAMM, PRENUT, PSI, TSVT, TTMATIL,
TTMAT3, WE, XC, XO

30.4.3 Other Inputs

K
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30.4.4 Other Inputs

None

30.%5 Symbols Used -

30.5.1 COMMON Symbols
TPMATA4
30.5.2 Other Symbols : :
XNUT1 - BCD “word = NUTPRE
30.5.2.1 Expression Portion .
G, GP, XL - temporary storage
c (21), s(21), X2C, X2GP, X2L, X3C - temporary storage
30.5.2.2 Gamma Matrix Portion
DI - integer value of D
X3 - time in seconds since launch
DELAPH - contribution to X due to precession and
nutation.
30.5.2.3 Precession-Nutation Portion
CONV - gonversion factor

TPR, TZP - time parameters

30.6 Equations Used

See Ref. 1, Appendix A  for equations used for uutation.
The equations given there for
precession have been replaced by
the following set.
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—CGSJ, Cosecosé—s.nsosanz -$in§, Cos & Cos 2 —Cosé, $im ~£in & Cos 2 ]
[P]‘: ces §p Cos & Sin 2 +sinf, cos 2 -Sinf, CosB Sin2 + cosd, CO52 “$i0 & £ B
Cos§, S & “Sin§, £ B ces & _J
-Where
So = (2304.250" + 1.396"T, ) T + .302" T2 + 018" T3
2= 58, + 1" 12

&= (2004.682" - .853" T.) T - 4200 T2 - .04 T°
The times T, and T are related to program times by the following expressions:
‘?o

T =1.000021358 DT

.499017330 + 1.000021358 Tg
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31, Subroutine OED

31.1 Igpose
This subroutine computes obserwvations from on: board instrumemtgtion.

31.2 Mathod
The subrcutine uses present position of vehicle with respect to reference
bodies, lancd:-:ks, or ground stations to determine observations.

313 ZIProgran References

31.3.1 OBD is called by:
CBSERA
31.3.2 @BD calls:
CMNOBP, DDOT, EMNOBP, SERVCE, STAPCS

31.4 1/0Data
314.1 Inputs from COMMON
CPOS, FI, FROPNL, RC, STAC
CEFID, TPINT, ISTAR, MAXLUN, MAXSTA, MPLIS1, MPLUS2, MPLIS3, MWREF, ONE,
PCSLUN, RADII, STAR, TWO
31.4.2 Outputs to COMMON

OBSPIS, STAC, STALN, STAIT, YCOM
IXADD(13), KSTA, SPADD(8), SPADD(10)

31.4e3 Other Inputs and Cutputs

None

31.5 Symbols Used
31i5.1 COMMDN Symbols

TPMAT,, TPMAT9, TPMTED
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31,5.2 Other Symbols
RTEMP - temporary storage
RTEMP1 - temporary storage
YRTEMP(6) - temporary storage

YTEMP(2) - temporary storage

ILUNE ~ index for lunar landmark indication
IST - flag

KJ = flag

KLIBRS - saved KLIBR

KP = flag

31.6 Eguations Used
See Ref. 1., Section 6.2,
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32, Subroutine OBSFRA

52.1 Purpose -

This subroutine computes the observabies as seen from a given
ground station. Corrections to the propagation of electromagnetic
waves through a refractive medium can be made, if desired. In the
A4 hode, it aiso computes the time of passage, which is the total

time the vehicle is in sight of the station on each pass.

32.2 Method
Given present vehicle location and ground station location,
both referenced to inertial space, the observed values are computed.

When specified, refraction corrections are included.

32.2 Program References
32.3.1 OBSERA is called bys

MA INA
32.3.2 OBSERA calls:

ATIM, CINT, “CRSTRE, DDOT, DMTML, DOMUD, EINT, ERSTRE,
FIX, KEPLER, MODELA, OBD, SERVCE, STAPOS

32.4 I(O Data

'32.4.1 Inputs from COMMON

DOMB, CPOS, CVEL, DTI, EMIN, EPSSQ, FRAD, OVB, PRENUT,
RC, RDC, RDTB, RTB, STAC, STAHT, STALT, STAOR, T, TAQ,
TPMAT1 (from STAPOS), TWOPI, TZHRS, YCOM

CEPID, DH1, DH2, FDOWN, FUP, H2, H4, IXADD (13), KM,
KRF, KS2BY, KSTA, MDE, MINUS1, MPLUS}, MPLUS2, MPLUS3,
MPLUS4, NEL, ONE, SPADD (8), SpADD (10), TSTRO, TWO,
TYPE
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32.4.2 Outputs to COMMON
DTI, OBSPLS, OLEL, ORM, OVB, RC, RCMSC, RDC, SAVD, SVL,
SVM, T, TSSA, YCOM e
AMUD, DELTA, Fl, F2, ICOUNT, KM, KSTA, LFL, LML, NCDST,
NEL, NUMDAT, USETYP
32.4.3 Other Inputs
None
32.4.4 Other Outputs
32.4.4,1 TOTP - total time of passage
32.4.4.2 Logical tape 9 - observable information-binary
ANS - double precision time
LTEMP - packed word of data types
(TEMP (If, I =1, 4) - values of the 4 observables
LTEMPl - packed word for quality bits = O

ICOUNT - count number of data pt on the tape.

32.5 Symbols Used
32.5.1 COMMON Symbols

HACC, TPMATL, TPMAT2, TPMAT4, TPMATS, TPMATY, TPNTI10,
XNNEW

32,5.2 Symbols used in Refraction Portion-all single precision

YDOT - component of vehicle velocity vector projected

into.the plane formed by vehicle, station and
earth center.

CD - cosine of DELTA

CTNEW - cosine ‘k ’ ‘1 = the current elevation angle
during iterations

CTPREV -~ cosine ikﬂ during iterations
DISCRM - 1 - cos2 @ (sin2 6 )

32-2
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DRACC - accumulated range correction

DTEMP - intermediate DRACC's

ER - error angle at the center of the earth
F22 - square of the down frequency

GMACC - accumulated bending angle of the refracted ray

HLAST - final A h, if increment not exact in troposphere
or ionosphere

HT - altitude of vehicle above sea level

HIEMP - current span of incrementation for a specific
layer

ICODE ~ flag for exact or non-exact incrementation

1, non-exact _
2, exact, or HLAST has been used

IFG - flag word for model

ILAYER - flag for which of 4 atmospheric layers vehicle is in
1, troposphere

2, lower vacuum

3, ionosphere

4, upper vacuum

JLAYER - flag for which layer is currently being computed
= 1, troposphere
- 2, ionosphere

NCORR - flag for which errors are to be computed
1, all
2, Range only

skip Range

4, none

e N
W
-

NDH - number of times to increment within a layer
RATIO - round trip frequency ratio

RDOTER - refraction error in range rate

RFR1 - BCD work = RFRCT1

SAVF2 - saved value of F2

SD - sine of DELTA (corrected elevation angle)
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SNNEW - index of refraction, N/

¢ during iterations

SNPREV - index of refraction, Y\&' y during iterations

STNEW - sine {2; during iterations

STPREV - sine qu during iterations

TEST1 -~ BCD word = RFR2

TEST2 - BCD work = RFR3

TINEW - tan {ﬁ during iterations

TTORIG - tan fh , initial elevation angle

TTPREV - tan €, during iterations

XDH - current altitude increment ( A h)

XN - floating point NDH

XNORIG -~ refractivity at the station

XNPREV - refractivity,_ﬁ%l, during iterations
32.9.3 Other Symbols

ALPNM (3,3) - transformation matrix from station topocentric
coordinates to true topocentric coordinates

CA - cosine YCOM (1)
CE - cosine YCOM(2)

DEN - magnitude of the component of ORM projected onto
the horizontal plane

OREBD - east component of ORM in topocentric system
ORHSD - up component of ORM in topocentric system
ORM2 - square of ORM

ORNSD - north component of ORM in topocentric system
SA - sine YCOM (1)

SE - sine YCOM (2)

SYC - saved value of YCOM (2)

TEMAL (8) - temporary allocations
VCMSC (6) - vector between reference body center and vehicle
YTEMP (2) - temporary YCOM'S.
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DATTYP (4) - array of indices for data types used

FLAG5 - flag word

INDEX - index for observables in STAOR array

ISTS - saved value of KSTA

KTEMP - saved value of kSTA

KSTAT(S) - (data) - station numbers of paired DSN stations

N - index for number of data types

32.6 Egquations Used
See Ref. 1, Section 6.2

See Ref. 1, Appendix C for Refraction Correction

32-%



32,7,n Flow Diagram - OBSERA

ITFG .
Tor s KSTA

Fon .
USLTNE,
- K3TA

]
OSZF SYAT

K3vAs ksm
3'6:;

B
omevre []
) AND BLEVATIOW |
| S
e - ELEVATIIN: emD.
0 * | ’ >
[ComeuTt RANGSE
LAND RaNes RaTE
Comrvre #
REeRACTIN
'l CogeEcTivd
o =l £33
ZIConc T™HL
SLRVAPLES :
#

(A= vari DO S




SAVE T, Lawam |-

Direcyion cosines




GBSERA - CONTINUED . .

r@uunou e@—n

o:.e\. enxu OLu EMID—D[FL_M’;'

{ > <

ComlvTE
fane weTe

ToraL Tt
oF PASSAQ &

1“ Posivien
N Veroc TV

Nicvods

/ INTEQRATE
BACK bTI

S R TP L KRy X & 8




32.7.2 Flow Diagram = REFRACTICN Portion
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33. Subroutine PFINIT

* 33.1 Purpose

This subroutine performs initialization procedures at the entry of a
burn period.
33.2 Method
The subroutine determines coefficients of six Chebyshev polynomials which
are valid for the first burn period.
33.3 Program ﬁgferences
33,3.1 PFINIT is called by:
A - MAINA
Bl - MAINBl
33.3.2 7rINIT calls:
' OVERFL
33.4 1/0 Data
33.4.1 Inputs from CCMMON
AMU, PFPAR, RC, RDC
FPK, IPFT, MPLUS1, NMPLUS2, ONE, THREE TWO
33.4.2 Outputs to COMMON
RDTB, RTB, TMAXPF, TSTART, U
AMUD, LIMITZ2
33.4.3 Other Inputs
None
33.4.4 Other Outputs
Various intermediate calculations.
33.5 Symbols Used
33.5.1 COMMON Symbols

TPMATZ, TPMATS



33.5.2 Other Symbols
AVTHMX - Aosolute value of total length of burn.
CK(30) - Array of Cy values (K # 0)
CKZERO(30) - Array of Cy values (K = 0)
CLCWER - Plesting point integer for evaluating CK
CUFFoi = wlouting point integer for evaluatiﬁg Cx
FACTUR = Terngorary variable
Q - Floating point integer
S5¥ - rrale faétor = 1. x 100
SF3QU - Scais factor = 1. x 1072
SUM, SUMA, SC¥B, SUMC - Summations
TEMP - Temporary variable
TMAXM - T, to current power.
TMAXSQ - Square of total length of burn.

v(62,3) - Array of thrust coefficients

INDEX, INDEXP, INDEXQ, JL, KPLUSI, LIMINI, LIMIN2, LIMIT1, LM.iN1,
LPLUSZ, N, Nf, NT1, NT2, NTZ - variable used as indices and limits
PFERR1 - BCD word = PFERR1

VOFI, VOFJ, VOFK, VOFM - floating point intege:.

W(61,5) - Array of position polynomials

33.6 Equations Used
See Reference 1, Appendix B and Section 3.4
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34. Subroutine PFLGHT

LBL.i Purpose

This subroutine computes the effect of a thrust perturbation. It is used
only in the Encke method. The formulation used was developed because it has, as
an extension, an analytic state transition matrix which can be used in statistical-
ly determining powered flight parameters.

34.2 Method

The thrust acceleration vector at the initial burn time, the vehicle mass
and mass rate aré.converted to a set of coefficients for 6 Cheby shev pélynomials.
These coefficients are determined irn PFINIT. The Sutrcu...:e, PFLGHT, uses
these coefficients to describe the powered flight ira‘ectory as a function of
time, Effectively, the subrou.in: replaces XEPLER in Encie's method. Integration
of the equations of motion continues exactly as if powerad :lirht was not involved.
34.3 Erogram Referencer
34.3.1 PFLGHT is called by:

EITGRA
34.3.2 PFLGHT calls:
SERVCE |
34.4 1/0 Data
34.4.1 Inputs from BLANK COMMON
T
FPK, MPLUS2, ONE, TwC
34.4.2 Inputs from BLOCK COMMON - /CPF/
U, TMAXPF, TSTART

LIMIT2
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RDTB, RTB

34.4.4 Other Inputs and Outputs
None

34.5 Symbols Used
TEMP - Saved value of TSTAR
TN - Time from start of burn
TPRIME - Relative time factor.
TSTAR - Relative time factor
TSTARP - Relative time factor

34.6 Eguations Used
See Ref 1, Section 3.4
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35. Subruutine PRINTA

35.1 ?Purpose

This subroutine prints out current trajectory informat:on.
35.2 lethod

Depending on whether the time entered corresponds to a print time, the
program checks each of the 10 elements in the IPSEC array. If the value is

>0, the corresponding section is printed.
~ To determine whether it is a print time, the subroutine first checks
to see whether the present time is within t2e print vortion (CTPI) of a total
print period (TAU). If not, no priniing is done. If sc,it next checks the
value of the print interval within DIPI (PRATZ;. If it :s negative, it always
prints. If it is positive, =nd it is the first time into tr - present print
period, it prints, otherwise no printing is done. When ¥DE = 1 or 4, printing
occurs at each entry to the routine.
35.3 Program References
35.3.1 PRINTA is called uy:
MAINA
35.3.2 PRINTA calls:
DDOT, DOMUD, SERVCE
35.4 1/0 Data" -
35.4.1 Inputs from COMMON
CONST, CPOS, CRAD, CVEL, EPSSQ, GAMM, PRENUT, RC, RDC, SCALE, STAC, T,

TMAX, TWOPI, YCOM

CWLIN, DTPI, IXaDD(10), KSTA, MDE, MINUSI, MPLUS1, MPLUS2, MPLUS,, MWREF,

“UMDAT, NUMT, NYEARP, ONE,PRATE, PVALPH, SIXTY, STANM, TAU, THREE, TWO
TWT,, TZERO, USETYP




3944 .4 UUTPULS TO LUMIUN
MU, SQTMU
AMUD, IXADD(10), FKPR
35.4.3 Other Inputs
None
35.4 .4 Other Outputs
See Ref. 2, Section 3.1
35.5 Symbols Used
35.5.1 COMMON Symbols
TPMATZ, TPMATS, TPMATé, T?ﬁ;T?, TUA503, TPMATO
35.5.2 Other Symbols
DATYPE(4) - Stor:. . BCD words of the clservation types used.
ESPAL(4,7,2) - (.iata) - BCD words for use in priniing onctisn &
éaFTAU - Fractional part of print period (TAU)
IDAYS -~ Integer number of days from beginniﬁg of launch year
IDT - Fractionai portion of current time in integer ‘crm.
IHRS - Integer number of hours from begin:.nz of launéh year.,
IMIN - Integer number of ninutes from beginning of launch year.
IPNT - Current print sectiva
IT - Current time in integer form, also ysed as teniorary storage
K < Current data type
KJP - Indicator for type of oh~board observation.
KPR - Indicator to determine next print time.
NCODE - Index for CPOS and CVEL for printing section 9.
NP1 - Star number of on-board observation . ‘W"“wm

NP2 - Station number of on-board observation.

35 -2




NUMTAU - Number of the print period being processed

OBTYPE (25) - (Data) - BCD types, for printing Sections 2 and 10
OBUNIT (25) - (Data) - BCD units, for printing Section 10
OSCUL1 - BCD word

0SCULY
OSCUL2 -~ BCD word = 0SCUL2
POST - Positive value of T
PVAL(4,7) - (Data) - BCD words for printing Section 5
REFBOD(7) - (DBata) - BCD words for printing Section 1
35.6 atj I3f
Equations uséd for the osculating elements and subsatellite point éomputations

follow standard equations.
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36, Subroutine RECT |

36.1 Purpose |
This subroutine computes the parameters pertinent to a rectification in
Encke's method.

36.2 Method

The two=body position and velocity vectors are equated to the true position
and velocity vectors, In addition, these c'anpmernts are saved. Wtim
in position and velocity are set equal to zero, and elements used by the KEPIER
subroutine are computed.

36.3 Irogran Refarences
36.3.1 RECT is called by:

A - ETTGRA, MATRA
Bl - EITGRA, MATNB1

36.3.2 RET calls:

DDOT, DOMID

36.4 1/0Data
36e4el Inputs from COMMON

DYN, RC, RDC, T
KOMP, MPLIS2, MIREF, OKE, TWO

36442 Outputs to COMDN

CZ, D%, HMU, RA, RDI, RDTB, RI, RTB, SQTMU, TH, TI
CWLIN, IP, KOMP, TSTRO

36.4¢3 Other Inputs .
None
36444 Other Outputs

T,K°MF -« irnilcator for cazuse ¢ rectiflcation
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36.5 Symbols Used other than COMMON
RECT]1 - BCD word = RECT

RECTT - saved time

36.6 vat U,

SQTMU = HMU
DO=RI.1.QI‘//A
M“%ﬂ- l/i— = 3
¢, =1 -|§£'
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37. Subroutine SERWE (A,B,C,T)

37.1 Iurpesa
To campute the cross product of 2 vectors A and B stored in C and/or the

magnitude, magnitude squared and cubed of C in C(4=6).

37.2 Maihod
When I = 1, the cross product of A and B is stared in C(1-3) and contirmes

as when I = 2,
When I = 2, the magnitude cubed, magnitude, and magnitude squared is stored
in C(4-6), respectively.

37.3 ZIrograp Reforences
SERVCE is called by most subroutines in A, Bl and B2 programs.

37.4 1/0 Data
37.4.1 TInputs

A - first matrix (not used when I = 2)

B - second matrix (not used when I = 2)

c(1-3) - X,Y,Z coordinatee (input when I = 1)

I - flag word (see above)

KB, when I = 2; the input vector C must be in the third argument
37+4¢2 Outputs

¢(1-3) - X,Y,Z coordinates (when I =1)

C(4=6) - See "Equations Used"

37.5 Rwmbols Used
X - temporary storage

MN=-1.



37.6 Equations Used
c(1) = 4(2) . B(3) - B(2) . A(3)
c(2) = A(3) . B(1) - B(3) . A1)
c(3) = A(1) . B(2) - B(1) . A(2)
o) = [c? + c(2? + 027 72
cs) = e +c@)? + o3Pl #
c(6) = c(1)° +c2) +c(3)?

37=-2
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38, Subroutine STACUL

38.1 Purpose

This subroutine determines the time of occultation (YcOM(23) ). Onme

of two types of occultation may be considered, vehicle or star occultationm.

38.2 Method

A Newton-Raphson iteration is used on the two-body solution to detémine
the time of occultaticn. When considering star occultation, the occulting
body is the reference body, except in the earth-moon system, in which either
the moon or the earth can do the occulting. Vehicle occultation occurs only
in moon reference. Up to three different ground stations may be considered

for ccecultation.

38.3 Erogram Referenceg

38,3.1 STACUL is called by:
A - MATRA

Bl - MAINB1

38 . 3 02 STACUL ecalls:

DDOT, DMTML, EPHEM, KEFLER, SERVCE, STAPOS

38.4 1/0 Data

38.4.1 Inputs from COMMON

CPOS, CVEL, DPADD(18), EMIN, OBSPLS, OVB, PRENUT, RC, EDC, FDTB, RTB,
STAC, T, TH, TPMAT1 (from STAPOS), YCOM

FPK, ISTAR, IXADD(15), IXADN(16), IXADD(20), KOMP,ISTA, MPLUSI,
MPLUS2, MFLUS3, MWREF, ONE, PURP, RADII, sPapD(7), STeR, TWO
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38,4.2 Outputs to COMMON
DPADD(18), T, TH, YCOM

IXADD(14), KOMP, KSTA, SPADD(8), SPADD(10), SPADD(11)

38.,4,3 Other Inputs and Outputs
Yone
38.5 Symbols Used

38,5.1 COMMON Symbols

TPMAT2, TPMAT6, TPMAT7, TPMATS, TPMAT9

38,5.,2 Other Symbols
TSTT - saved T

ICT -~ count on number of stations being processed
IFLG = flag

= 1, Star ocoultation, reference body is the occulting body

= 2, Star occultation, non-reference body is the oceulting
body ’

= 3, Vehicle occultation
ISKSTA -~ saved station namber

ITEM - saved value of reference body

38.6 Eauatlions Used
See Ref. 1, Section 602..
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39, Subroutine STAPCS

39.1 Bgpose
This subroutine computes the station position and velocity vectors.

39.2 Mathod
The subroutine computes the location and velocity of stations on the surface

of the earth in inertial coordinates.

39.3 ZXrogram References
30.3:,1 STAPOS is called by:

A - OBSERA
Bl - OBSRB1

39.,3.2 STAPOS calls:
DMTML, DOMID, NUTFRE

9.4 1/oData
39.4.1 Inputs from COMMN

EFSSQ, GAM, WRENUT, STAHT, STALN, STALT, STAGR
ESTA, MPLIE1, MPLIS2, MPLIS3, KCDST, ONE

394442 Outputs to COMMON
GEA, STIC

39 o4e3 Other Inputs
None

39.4.4 Other Outputs

None

“0
39.5 Symbols Used
39.5.1 COMMON Symbols
TPMAT, TPMAT1, TPMAT.



39.5+2 Other Symbols
STROS1 - BCD word = STAPCS

39.6 Equationg Used
See Ref. 1, Section 6.
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40, Subro ‘ine TIMNGA .

40.1 Xurpose
This subroutine determines the time at which the program is to compute
the observation and printing for the A rode.

40.2 Mpthod

Logie is set up for establishing an array of times of interest fram which
the earliest t;l.me igs selected., Flags are set whem the time selected 1s TMAX and
when a time is repeated.

40,3 ZErogram References
TIMNGA is called by:
MAINA

40.. 1/0 Data

40.4.1 Inputs from COMMON
DELTP, PFPAR, RRATE, T, TMAX
D, IPFT, IPS, KM, KSTA, MAISTA, MDE, MINUS1, MINIS2, MPLIS1, MPLIS2, KA,
NPFSET, NUT, FFON, TDEIAY

40.4.2 Outputs to COMMON

TD, TSCAN, TSUBN
FPK, IRT, IXADD(5), KM, KSTA, MFLAG

40she3 Other Inputs
None
40.4.4 Other Outputs

None

40,5 Symbols Used other than COMMON

REVIN - Jast ti~e yrocessed
TX - time O or " %X, depending on direction of integration
TY - assigned the tirz orposed to TX
40 - 1
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FPIP - floating point IFS, O or 1 depending on direction of integratibn
FPN - floating point NUT, O or 1

IST1 - flag: for selecting powered flight parameters

IST2 ~ flag: for selecting powered flight parameters

K ~ indicates direction of integration

VNA - floating point NA element

40,6 Euatigns Used
K=R IS =-1) (2 D -1)
ID is 0 if TMAXD O
D is +1 if TMAXC O
I®S is O if integration is to proceed away from T

C
IPS is 1 if integration is to proceed toward T,
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41, Subroutine XFORM

41.1 Purpose

This subroutine accepts input information concerning the
- vehicle's initial conditions, in any one of several coordinate
systems and units, then converts them to the internal units. 1In
addition, if desired, the coordinates can be transformed into
the base date system transformation through precession, nutatien

and/or libratien.

41.2 Method

See "Rquations Used"

41.3 Proaoram Referenges
41.3.1 XFORM is called bys
A - INPUTA
Bl - INPTB1
4]1.3.2 XFORM calls:

DMTML, DOMUD

41.4 1/0 Data
41.4.1 Inputs from COMMON

CRAD, DIN, EPSSQ, SEC, T, TB, TWOPI
HMIN, HRS, M6, MPLUS1, MPLUS3, ONE,SIXTY, SUMCOM, THREE, TWO

41.4.2 Outputs to COMMON
cT, b, DT, E, EQ, GAM, GAMM, GHA, PRENUT, PROPNL, PSI,
RCIN, RDCIN, TPMAT9 (1-6), TTMAT1, TTMAT3, WE, XC,

XM, XO
IXADD (6-9), KLIBR, KSNAP, MRREF
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41.4.3

41'4.4

Other Inputs

KLM, KLM1, KLM2, KLM3 - See Ref. 2, Input Section 2

Other Outputs

None

41.5‘ Symbols Used

41.5.1

COMMON Symbols

TPMAT, TPMAT1, TPMAT4, TPMATS, TPMAT6, TPMAT7

41.5.2 Other Symbols

41.5.2.1

41.5.2.2

41.5.2

41.5.2.4

41.5.2.5

XNUT1 - BCD word = XFORM

For computing expressions fo} nutation and libration

GP, XL
G(21), s (21), x2c, X2GP, X2L, X3C

See write<up for NUTPRE (30.5)
For computing precession, nutation

CONV, TPR, TZP - See NUTPRE (30.5)

For computing libration

AIOTA, CDEL, CEE, CI, cO, COSP, CV, DEL, DOSI, EE, G, GW2,
Gaw2, GP, OSP, SDEL, SEE, SG, SI, SIR, SO, SO2, SOSP, SV,
V, W, W2

AU, R

‘See write-up for CMNOBP (7.5)

For computing ){ matrix
X3
- See NUTPRE (30.5)
DELAPH
Transformation Portion

SCAL (3, 7) - table of conversion factors

X, X3, X4, X6 - scale factors
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DI - integer value of D

IGFLG, KLMM; KMOON - flag words

41.6 Equations Used

See Ref. 1, Appendix A
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42, Subroutine BAYSBI]

42.1 Purpose

This subroutine provides the major logic for solution of the

orbit determination problem by the use of Bayes estimation methods.

42.2 Method

| This subroutine utilizes information from the satellite ephemeris
tape and from its own internal subroutines. 1In the Bayes method,

a Newton-Raphson iteration technique is employed until certain

input convergence criteria are met. Upon convergence, the

estimates of the input states and their uncertainties are updated

from the initial time to the final time with intermediate prints,

if needed. See Section 2 of this manual for a complete descrip-

tioh of the interplay among the MAINB]l, BAYSB1, EXECBl and SUMARY

routines.

42.3 Program References

42.3.1 BAYSB]l is called by:
MAINB1
42.3.2 BAYSB1 callss

DALFA, DDOT, DMTML, DOMUD, FIX, MATINV, FASMB1, FBI1A,
PRNTBl, SBSRB1, SERVCE, SNOBS, SNPTL, STLSB1, SYMMAT

42.4 1/0 Data -
42.4.1 Inputs from COMMON

DELY, RC, RDC, T, TIN, TMAX

AMUD, C3TAB, DATTYP, FDOWN, FUP, IRDATA, ISUMRY, LSFLAG,

M6, MBATCH, MPLUS1, MPLUS2, MPLUS3, MPLUS4, MWREF, MXPASS,
ONE, PAST, PSPACF, REJCT]



42.4,2 Outputs to COMMON : .
CPOS, QSAVE, RC, RDC, STAT, YOBS
AMUD, AREJ, DATTYP, Fl, F2, ICOUNT, IPLNT, JFLAG, KTAB,
LSFLAG, NPASS, NUMDAT, SPADD (8), SPADD (10)
42,4.3 Other Inputs
42.4.3.1 Preconvergence Mode - LSFLAG=0
42.4.3.1.1 First record of nominal tape - logical tape 11.
a) ((sTAT (1, J), J =1, 6), I =1, 3)
b) ((sTAT (1, JY, J =1, 6), I = 4, 6)
Q-1
42.4.3.1.2 Comp}éte data set - two or more sets.

a) ICOUNT, T, RC, RDC, IPLNT, TKRAW, LTEMP, DATA, LTEMPI,
MWREF, (cpos (I, IPLNT), I = 1, 6)

b} ((aLam1 (1, J), J

1, 6), T =1, 2), (cveL (1, TPLNT),
I =1, 6)

&) ((ALAM1 (I, J), J =1, 6), I = 3, 6)

where ALAM1 1s state transitfon'métrix and others
as per COMMON descriptions
42.4.3.2 Post Convergence Mode - LSFLAG - 1
42.4.3.2.1 First record of nominal tape - logical tape 11l.
Same as 42;4.3.1.1 - Q matrix
42.4.3.2.2 Truncated data set - two or more sets

:19 2)

a) T, RC, RDC, MWREF, ((ALAM1 (1, J), J -1, 6), I
b) ((aLAM1 (I, J), J =1, 6), I = 3, 6)

42.4.4 Other Outputs

42.4.4.1 Preconvergence Mode -‘LSFLAG « 0

Same as 42.4.3.1 with the exception that STAT array is

written where ALAM1 is read in.
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42.4.4.2

42.4.4.3

42. 4. 4.4

Rejection information - BCD _

11, BMAT (11, 1), YCoMm ( IT¥ ), DFLY (N)

where II is the index for the observation type
BMAT {(II, 1) - observed values of observation
YCOM (IT) - computed value of observation

DELY (N) - residual

Summary information - logical tape 10

T, KSTA, ICOUNT, (BMAT (1, 2), I =1, 25), (BMAT
(1, 1), T = 1, 25), AREJ

Convergence information
"Convergence has failed in (NPASS) passes"
"Convergence not attained®”

"Convergence has occurred®

42.5 Symbols Used

42.5.1

42.5.3

COMMON Symbols

ALAM1, ATMAT, DELALP, EBAR, SAVEL1, SMAT
BMAT, KP..INT, TEMP (1)

Other Symbols

RCPRI (6) - saved initial position vector
RDCPRI (6) - saved initial velocity vector

TMMP - end-of-batch criterions dummy read-in

BAYES1, BAYES2, BAYES3, BAYES4 - BCD words = (same
variable name)
—used for error conditions
IT - temporary storage
IRTEMP (4) - unpacked LTEMP1
K - temporary storage
KTEMP - argument in calling FIX

LL - index
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NDATA - number of good data points in a batch

NUMDTT - saved NUMDAT for packing matrices

42,6 Equations Used

See Ref. 1, Section 5.3
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A3. Subroutine DAIFA

A3 Paposg
This subroutine transforms the variations in the e paremeters (DELALP)

to variations in the state variables (DELX),
42,2 The finite rotation method is used.

i3e3 DIrogram Referencss

4.3.1 DAIFA is called by:
BAYSB1, STATB1

L3432 DALFA calls:

ODCT, DOMUD, SERVCE

s from CCMMON

I
(W)
[ ]
f\
*
oot

~4

g

DELATE, i1, RA, RC, RDC
MPLIEY, 7 LUS2, ONE, TWO

10, (atputs to COMMON
DWLK, BC, RUC

L3e/e3 Other Inmputs or Outputs

Nene
%345 Cther Symbols Used
Nona

3.5 Equations Used

43-1



(67 & mue R BE INPUT QUANTTIES.
N ;.;I * .':“ X 2.;
- -8
A, s Ii ¥ l‘ . -
Cios(ag) e B, ,1“ cov (a7, )ju &c”/(a.x,)
- Ve 4
o xR
o A R
O L ray {ad,) + D, [1 cos (4) [ B, + #: sid (4%;)
Ry £y
C A XA
cnl b oaR ce. T = Lyt 4%y
i - L / /
AN ) L
‘ o - e3, / 1 - 7'2
s M) F Ky sl () ‘A U
o %, 24. {{'ffm/’/_.x_}
Lo sla ) e H s laegy) L 7
7 7 {, .- /&/((,‘/;7',/51
] . /',, ‘ b I’, ‘r-‘r
- f'_,;;: < ’ o "
st N E
n’q X /C’P_ : , * -
ALY X7 26. X, ;/_»__ |, Cox
A = A
& e e = ]
;. - 4 _ az ,€{ _!—ccl
(4r): A e8, 42z (&~ )
1+ A 4 . A&
9. Ak (%,- &)
‘- '_ -~ _
17 R Ly~ A<, 3o, £ 4
[ 4 { . ot
LS le 1 i r RN
., - L , g =
?/‘“/ R fof)/ 2% ?
v 1
ST Dy i'
e l{z !
VRS & Z-7° f
j
-
el s fﬁf/ /) X
J T s A/fss‘m’/vz |
VAR *
L3




\{

TAMATY - R X &
TIMATIGY: cos 4«
TPMATA(L) s =i A a,
TIMATA(D - R - Ry

R

TARAT E(1) » R (1) TAMATR(D4-ThATA(2).

(L-TAatal)) ) <Tuareln). TN
TR R (O

Tmeate (1) = R;, (T)

I3

TAMATA(D) » tos Asy
T'Aﬁ‘\(&) P T M"
TEMATA(3)s TEMATS « TPMATSH

For MALGMITVDES
8¢ TPMATS
\ -AND -

TR s TAMATS X AT

y

Toma (D) TMATA{). T el o - F
Te 0 (L-TATUD) gy 0rgid
TMR16(4)

¢ CONIAOY - TOMATHIL)
et s(s)

T3

MAT s TRRATY B TAMAT

TmA14A()= cos bu,y
TIPAIA(2) = 510 AR,

43 -3

i_,

"»rs(u TIATA( ). Taprsis) @ TP7 8740 TMATKT)
TImaTe(s)

‘mm( Twata(s THRATA(R) - YA
i £) 1 ThrATa()-TmATelr) ¢ — |
I3

[ SeRNCE \
PIMATY = TARATS & TPATL

\TPMATY = TAMA TS > TPM

y

r TAATA():TPMAIS « TEMATA
rirnte(s) : TPRATS(6) ¢ Aoty

wm\ﬂ(‘l)tJ/‘. ' 7':“"“) —RA- ‘;r

TmAarae(y
TIRAIE(E) + TPMATL(E)

l
’ ToRATalY ¢ Tad TIIATAlD

TPMmATS
Temava () :-—L—zﬁ,,m .mmn«l

b ramarald s [ Lo TAaTI(O ]
i “Thmava(> |
Tematals) = TIRATA() - YHp o M.‘)
TPaATA(D): siu(TemaTalsyd
TIMATQ(D: cos (TPRATALND)

y

CRATS(3)= YPMATA(S) |
}1 NS (s) ‘jflhﬂ(s) Tenars(e)

TeMATAl)  TémaTHD
~ YWt (D)
|TMATR{E)e ToMarets). TOMATLLL)
THMATS (5)
- Ax(2): renarsin) - 4 (3D
AX (Tax)s vomaTLLD = & (DD
Re(r): Papr6(D)
(D) » f'ﬂ‘f‘(” =, Y

TomATe(2):

'
!
l




4, EXIXB1

4LA.1l Purpose
This routine is the executive program for the Bl mode.

Lhe2 Mathod
This routine calls the input routine, the Bl main routine and the summery

routine.

443 Program References
EXECB] calle:
INPTB1, MAINB1, SUMARY

4h.4 1/0 Data
LhJA.] Inputs from COMMDN

AMID, FIRST, INPERR, ISTAT, ISUMRY, KIAST, KTAB, MPLUS1, NCFT, KT

4hele2 Outputs to COMMON
FIRST, NT

44.5 Symbols uged other than COMMON

Nom 5.

44..6 Equaticns Used

None
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45, Function FIORNG (RMEAN, RSIGMA, IGDKS!, * TFIG)
45.1 Purpose
This subroutine generates random noise in the * . 32 modes for
simlated cnta.

45.2 Method

The subroutine computes the pseudo-random rmumber . .i:.ying the rectaggular
density function in the interval (0,1) aud from that generates the Gaussian
pseudo-random number with a mean of X and standard deviation of T .

The sequence 1is cyclic for 235 numbers generated.

45.3 Program References
FLORNG 1s called by:
Bl - OBSRB1l, ONOBS, SBSRB1l, SNGBS
B2 - B2B(B, B2(B(S, B2STOB, (EBSR
L5e4 X1/0 Data
454401 Inputs

IGUESS - current value of the pseudo-random number satlsfying the
rectangular density function

' RMEAN - statistical mean, X
RSIGMA - standard deviation, {J
45.442 Outputs
FIORNG - the Gaussian random number

IGUESS -~ same as above

RNGFIG - the floating point value of IGUESS

45 -1



45.5 Smbels Used )
CONV = soaling factor, 23 5
ARG - 27T 99
T - constant used for generating rocta.ngular density, octal ,788

X(2) - the 2 psendo-random numbers satisfying the rectangular density
function

45.6 Fquations Used

Fsewdo -~ random numbers satisfying the rectangular density function
xjﬂ:(z +1) % + 788

Gaussian pseudo-random number

X+ T (=2 log, xi_)* cos 21 X4y

45 - 2
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46. Subroutine INPTBl1

46.1 Purpose
This subroutine reads in all data necessary for one run.

46.2 Method
7 The subroutine initializes necessary data and reads in sections desired.
Depending on the input quantity KSTDRD, certain variables are either read in or
set up withiﬁ the program to nominal values.
46.3 Program References
46.3.1 INPTBl is called by:

EXECB1
46.3.2 INPTBl calls:

DDOT, DMTML, DOMUD, FIX, MATIMV, PASMEl, SERVCE, XFORM
46.4 1/0 Data
46.4.1 For a complete listing of data ‘deck see Ref. 2, Section 2.2

A printout is made of all input quantities.

L6.4.2 In Bayes statistics, Q-l is written on logical tape 11 on two records.

((sTaT(1,J), J=1,6), I=1,3)
((sTAT(1,J), J=1,6), 1=4,6)

46.5 Symbols Used

DYNARR(60) - (Data)- nominal values of dynamic states.

SCAL(3,7) - (Data) - the matrix for which the array SCALE is chosen,
depending on IUNIT. :

TZ - time from start of launch day

ALPHA(3,7) - (Data) - Matrix from which the array PVALPH is chosen,
depending on IUNIT.

CDN(40) - (Data) - Standard coefficient of drag table.from which CDT is set

DAYN - number of days from Jan. 1, 1960 to launch year

DTSUP - Print suppression portion of print interval (TAU)

IGGSD - initial guess for random number generator



irR(8) - (Data) - array of alphameric titles
I'M{TLE(12) - array read in for title of run

IN - index for 1PR array

NN - index of first STPOR variable Lo be read in
NN2 - jndex of last STAUR variable to be read in
PASTD - data word tur setting PAST

PSPACD - data word tor setting PSPACE

RECT1 - BCD word = RECT1
XMACHN(4O)-(Data)— standard Mach number tables from which XMACH is set up

46.6 - Equations Uged
When P matrix read in, transformation to Q matrix is as follows:

- - III
Qs 'es™

467 Flow Diagram
See INPUTA(26.7)

46 = 2




47. Subroutine MAINBIV

47.1 Purpose

The purpose of the MAINBl1 program is to control fhe program
through its major phases. The principal functions of this sub-

routine are:

3

. Read the data tape and select points to be processed

-

. Provide logical controls for the Bayes and the Minimum
Variance Statistics sub-programs ‘

. Provide logical controls for the Fncke and The Ccwell
Integration sub-programs

. Time correct data when requested by the user

47.2 Method

The routine has been divided into 7 principal sub-sections.
These sub-sections are illustrated in the general flow diagram
which follows. Their names and functions are:
47.2.1 Minimum Variance Initialization

Provides initial values for many variables common to the
minimum variance statistics program. Initialization of these
variables cannot be made in INPUT because of the ability of the
program to iterate through the data without returning to the
INPUT routine.
47.2.2 Bayes Initialization

Provides the controls for starting the Bayes process upon
first entry from EXECBl as well as contrelling the ite;ation

process when convergence does not occur on the first pass through

47~1




the data. It also controls a preliminary mode which may have
usefulness in cases where the a priori ijnitial conditlions are
poor.
47.2.3 Timing Control Section

Provides the controls for selection of "times of interest™
(program symbol TD). These ntimes® are discrete values to which
the program is always referenced. Examples of these "times of
interest® ares

. Initial Time

. Final Time

. Data Point Times

. Print Times

. Burn Start and Burn Completion Times

Included in this section 1is the "RECORD® sub-section whose
purpose is to read the data tape, to select data points of interest
to the user (based on inputted information), to resolve ambiguities
in Range and Range Rate data from certain systems, and to convert
certain types of data to units acceptable to the program.
47.2.4 Integration Control Section

Provides proper calls to the Encke or Cowell integrator and,
when returning from these integrators, provides the flow of the

subsequent operations depending upon the reason for returning

from the integrators.
Encke integration returns whens

a. A rectification is indicated

47-2




(MAINB]1 tests the rectification criteria indicator

(KOMP). 1If the reason for rectification is because of a change
of reference planet, the integration control section transforms
the state transition matrix into values appropriate to the new
reference body).

b. T = TD, TD being the present "time of interest™.

Cowell Integration returns when:

a. T = TD, as above for Encke

b. Reference body change is indicated

Although the Cowell method does not require rectification

as in the Encke method, the state transition matrix employed in
either case is the two-body STM. Therefore, a two-body subroutine
(KEPLER) is employed. Since the accuracy of this STM is propor-
tional to the closeness of the two body trajectory to the N-body,
tests for the deviation between the two are made at appropriate
intervals. When this test indicates a significant deviation has
developed, the two-body model and the STM are “updated® by fhe
rectification process.)
47.2.5 Minimum Variance Main Control Section

This section controls calls to the minimum variance statistics
subroutine ®“STATB1" and to the trajectory print routine. It sets
up special flags depending upon the reason for calling STATBI.
47.2.6 Minimum Variance End Control Section

This section provides the logic for terminal procedures when

required.

47-3



47.2.7 Bayes Main Control Section

This section has two main functions. First, it controls the
writing of data on a scratch tape. These data include the satellite
ephemeris, observation data, the state transition matrix, and
certain planet ephemeris information. A second function is to
properly terminate the Bayes procedure both when convergence has

and has not been achieved

47.3 Program References

47.3.1 MAINB1l is called bys
EXECB1
47.3.2 MAINBl callss

BAYSBl, CITGRA, DDOT, DMIML, EITGRA, FIX, KEPLER, NUTPRE,
PASMB1, PBlA, PDUMP , PFINIT, RECT, STACUL, STATBI

47.4 I1/0 Data

47.4.1 Inputs from COMMON

ALAM1, COMB, CPOS, DELTP, DTK, DTL, GAMM, ORM, PFPAR,
PREVIN, RC, RDC, RDI, RDTB, RI, RT1, RT2, RTB, SMAT,
STALN, STALT, T, TD, TMAX, TMAX2, TPRELM, TSPAN, TSUBN,
TX, TZHRS, YOBSNU

AMUD, C2TAB, C3TAB, CEPID, CLUE, CNT, FDOWN, FIRST, FPK,
FUP, ID, IMODE, IPFT, IPS, IRT, ISTAT, ISUMRY, ITER2,
KOMP, KSTA, KTC, MPLUS1, MPLUS2, MPLUS3, MPLUS4, NA,
NPESET, NUMDAT, ONE, PASF, PASS, PFLAG, SLUE, SPADD (9),
SUMCOM, TDELAY, TWO, TYPE

47.4.2 Outputs to COMMON

ALAM1, DELTP, FRQ, ORM, PREVTN, RDI, RI, TD, TIN, TK,
TKRAW, TL, TMAX, TMAXX, TP, TSUBM, TSUBN, TX, TY, YOBS
CLUE, CNT, DATTYP, Fl, F2, FIRST, FPIP, IMODE, IMODES,
IPFT, IPS, IRT, ITER2, ITERS, IXADD (16), KLAST, KOMP,
KSTA, KTAB, LSFLAG, MBATCH, MFLAG, NA, NPASS, NT, NUM,
NUMDAT, NUT, PASF, PASS, PFLAG, PFON, TDELAY, USETYP,
VMASS
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.47.4.3 Other Inputs

From tape 9-binary’

TKRAW, LTEMP, TEMP (1-4), LTEMP1, ICOUNT

47.4.4 Other Inputs

47.4.4.1

47.4.4.2

47.4.4.3

Least Squares - truncated binary data set on tape 11

1) T, RC, RDC, MWREF,((STAT (1, J), J =1, 6), I = 1, 2)
2) ((sTaT (1, J), J =1, 6), I = 3, 6)

Least Squares ; complete data set on tape 11

1) ICOUNT, T, RC, RDC, ICOUNT, TKRAW, LTEMP, DATA,
LTEMP1, MWREF, (CPOS (I, IPLNT), I = 1, 6)

2) ((staT (1, Y, 3 =1, 6), T =1, 2), (cvEL (I, IPLNT),
1:1,65

3) ((stAT (1, J), J -1, 6), I = 3, 6)

T for ®"START OF BURN"™ and "END OF BURN™

47.5 Symbols Used

47.5.1

COMMON Symbols

TPMAT4, TPMATS, TPMIIO

47.5.2 Other Symbols

DATA (4) - Temporary storage of observation from data type

FPN - Floating point value indicating whether T is at 0O
or at TMAX

IDUM - Number of powered flight burn period just completed

IFACTR - The integer factor used in building up the new
packed indicator word during rejection testing

IFPK - ¢+ or -1, depending on direction of integration
(used in burn phase)

IT - An index used for picking up the proper value in
se veral tabular arrays
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IRRDOT (4) - unpacked LTEMP1

ISCONT - saved ICOUNT

J - Temporary storage of the data type code number
KTEMP - saved KSNAP

LLL - A flag, when set non-zero, which specifies if a
valid observation exists within a data set

LM - Temporary storage at the data type code ntmber
M - An indicator derived from the unpacked LTEMP1, which,
when non zero, indicates that a data point from the

Goddard R/R system is to be rejected.

MFB - Indicator used to determine which time in powered
flight array, PFPAR, is finish of burn

MSB - same as MFB, except indicates start of burn

NNN - an index used for picking up the proper value
from a tabular array

NUMVAL (4) - unpacked NUM (KSTA)

TA - The period of the lowest range tone used in ambiguity
resolution-

TRT -~ The correct (unambiguous) round trip propagation time

XK - The bias frequency to be used with the current data set

XN - The cycle count to be used with the current data set

"RECORD" Subsection

47.6.1 Purpose

The purpose of the RECORD portion of the MAIN program is to

continually provide the proper set of observation data for statistical

processing.

47.6.2 Method

First, the program reads sets of observation data until the

first raw time of observation which is less than or equal to current
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" time in the program is reéched. This set is then subjected to a
séries of tests against various criteria to determine whether some
or all of the observations within a set are to be rejected. If all
are rejected, the aata tape is re-read until a set is obtained with
one or more acceptable observations.

If the acceptable data set is within an allowable time
interval of current time, and the time correction option has been
specified, tﬁe raw observation time will be modified. This modified
time is then used by the program to determine when the observation
set is to be prdcessed.

With data from the Goddard Range and Range Rate System,
ambiguities in the observed data must be resolved.

47.6.3 Program References

The SIMPLE RECORD is itself a block of coding contained in
the MAIN program.

Subroutines called are:

EPHEM , FIX, KEPLER, NUTPRE
47.6.4 1I1/0 Data

The following variables are read from the data tapes

(logical tape 9).

TKRAW - the raw time, in hours, of the data set, referenced
to 0 hours, January 1, 1960.

LTEMP - A packed word, consisting of station number and
observation types for the data set.

TEMP (I), I = 1, 4 - the observation values, for which at
least the first must be non-zero.
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LTEMP1 ~ A packed word, consisting of a data rejection indicator

and four flags for use in time correction and ambiquity
resolution,

ICOUNT - The record number of the observation set on the data
tape.

47,7 Equations Used

47.7.1 Ambiguity Resolution in the Goddard R/é System

Range

The‘table (CITAB) contains 3 frequencies: 8, 32 and 160
c¢/s. The first number in the unpacked data word LTEMPl must be

converted to pick up the proper frequency from C1TAB. The

algorithm used is:

I - K - INT [éULJ
3

where K is the data word and I is the proper
tabular entry in C1TAB

The data word corresponding to range is a time, in seconds,
between zero crossings of the low frequency modulation on the CW
carrier. The frequency of modulation is defined by the unpacked
LTEMP1 data word.

The wavelengths of these three modulation frequencies
are approximately'22,000, 5,500 and 1,100 statute miles. Thus,
in many cases, the vehicles range is such that several complete
cycles of the modulation frequency are completed during the round
trip transmission time. The instrumentation measures the difference
between zero crossings, but is unable to measure the number of

completed cycles. The orbit determination program must compute the

47-8




nﬁmber of complete cycles, then add the measured difference to
determine the range.

This ambiguity resclution capability is implemented by
the following equationss

K = INT - [_(sn - S4) x FR + .é]

Where Spn is the nominal round trip time in seconds

Sq is the data time, in seconds
FR is the modulation frequency, {n c/s

Thus, S, - 54 is the approximate round trip time of the
signal, in seconds. (Sn - Sd) x FR converts this to the number
of cycles of the modulation frequency in the round trip path.

The added constant, 0.5, assures that round-off error
does not cause the ambiguity resolver to be off by one complete
cycle.

The time (in seconds) of the round trip signal is then
found froms

T = K/FR + S4

Where K (found above) is the integer number of cycles
‘ in the path

FR is the frequency of the signal
~ Sg is the data
K/FR is the number of seconds in the computed integer
number of cycles. Added to this is the data, Sg, which is the
amount of time of the remaining fraction of a cycle.
The range is computed by multiplying the round trip time

by the velocity of light.
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Range Rate

The data in the range rate system is the number of seconds
required to count a pre-selected number of Doppler (plus bias) cycles.

The conversion from the units of the data (seconds) to

units of range rate (ER/HR) is given by the equation:

lO - ¢ (kK-N_)
2f Dt
‘4 the velocity of light

9]

Where
f is the up frequency (defined by C3TAB)
K is the bias frequency (defined by C3TAB)
N is the preselected cycle count (defined by C2TAB)
At is the data.
47.7.2 Time Correction in the Goddard R/ﬁ System
Range
The time assigned_to the range data is the time that the
measured signal leaves the satellite. The time on the data tape 1is
the time the measurement at the ground station is started. Thus,
Tg = Tx + AT - IRT
2
Where Td i{s the time assigned to the data
Tk is the time of the data as defined by the data tape
AT is the measured data
TRT is the round trip transmission time.
Range Rate
The time assigned to the range rate data is the time

that the measured signal leaves the satellite. The time on the
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vdata tape is the time the measurement at the ground station is

starteds

Td = Tg + AT-TRT

2
47.7.3 Translation of the State Transition Matrix Across a
Reference Body Change
The state transition matrix is modified when the trajectory
is referenced'to a new body.

. -
A(t,t.,) - Ae(t,t,) S Aa(t,.,i,)

Where A 1s the state transition matrix in the first
) tlf.ﬁ,) reference system

Stl reference system at the rectification time,
tr
=1 -1
S¢np 1s the S7° matrix evaluated in the second
reference system at the rectification time,
t
r

A is the state transition matrix in the second
2, t) reference system.
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48, Subroutine MATINV (AMATRX, II, JJ, M)

48.1 Purpose

This subroutine inverts a non-singular matrix. The inverted
matrix may overwrite the input matrix or be stored in a new array,

depending on the calling sequence.

48.2 Method
The Gauss-Jordan elimination method is used to invert the
Matrix.
} The program first stores the A matrix into the B matrix and

trhen performs the inversion on the latter matrix.

48.3 Program References
MATINV is called by:

Bl - BAYSBl, INPTB1l, STATBI

B2 - B2INPT, BYSB2, STTB2

48.4 1/0 Data

48.4.1 Inputs
AMATRX - double precision matrix to be inverted
IT - actual sqdare dimension of AMATRX ( <- 26)
JJ - actual square dimension of BMATRXx ( < 26)
M - square size of matrix to invert

48.4.2 Outputs
BMATRX - the double precision inverted matrix

This may also be AMATRX



48.5 Symbols Used

PIVOT - pivot element
SWAP - temporary storage
ICOL - current column

INDEX (26, 2) - saved row and column of each pivot
element

IROW - current row
TEMP1 (26) - indicator for whether column has been

used as pivot element

48.6 FEquations Used

See any standard numerical analysis text.
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49, Subroutine OBSRBI1

49.1 Purpose

This subroutine computes the observables as seen from a ground
station. It applieb corrections for refraction and assigns proper
time tags to the time of transmission and reception of the signal

at the ground station.

49.2 Methéd

The time, station number, data types and vehicle location are
transmitted to thd¥s subroutine. The observables are computed and
the refraction correction to each is computed, if requested. The
differences between the computed and observed data are principal

outputs.

49.3 Program References

49.3.1 OBSRB1l is called by:
STATB1
49.3.2 OBSRB1 calls:

DDOT, DMTML, DOMUD, FIX, FLORNG, MODELA, STAPOS

49.4 1/0 Data
49.4.1 Inputs from COMMON

CDS, COMB, CPOS, CVEL, EMIN, EPSSQ, FRAD, FRQ, OVB,
PRENUT, "RC, RCMSC, RDC, STAC, STAHT, STALT, STAOR, T,
TK, TKRAW, TWOPI

DH1, DH2, EBRMLT, Fl, F2, H2, H4, IGUESS, IMODE, KRF,
LTEMP, LTEMP1, MPLUS1, MPLUS2, MPLUS3, MPLUS4, - F
MWREF, ONE, RMEAN, STATYP, TEBAR, TWO

49,4,2 Outputs to COMMON

DELY, EBAR, OBSPLS, ORM, OVB, OVWSB, RCMSC, T, TSSA, YCOM,
YOBS, YRTEMP, YTEMP
AMUD, AREJ, DATTYP, EBRVAL , IGUESS, KM, KSTA, NCDST,
NUMDAT, RNGFLG :
49-1



49,.4,3 Other Inputs and Outputs

None

49.%5 Symbols Used

49,5,1 COMMON Symbols

HACC, TPMATI1, TPMAT2, TPMATA4, TPMATS, TPMAT9, XNNEW
49.5.2 Refraction Portion Symbols

See OBSERA (32.5.2)
49.5.3 Other Symbols-

ALPNM (3, 3) - transformation matrix from station
topocentric coordinate to true topo-
centric coordinates

CA - cosine YCOM (1)

CE - cosine YCOM (2)

DEN - magnitude of the component of ORM projected onto
the horizontal plane

OREBD -~ east component of ORM in topocentric system

ORHSD - 9p component of ORM in topocentric system

ORM2 - squarebof ORM

ORNSD ~ north component of ORM in topécentric system

SA - sine YCOM (1)

SE - sine YCOM (2)

TEMAL (8) - temporary allocation

VCMSC (3) - vector between reference body center and vehicle

VRM - magnitude of VCMSC vector

I - index

ISAVI (4) - saved indices used in forming EBAR matrix

49-2




1ZY - flag word

K - index

KSTAT (5) - (Data)- station numbers of paired DSN stations
KTEMP - saved value of KSTA

KX - index used for observation types in STAOR array

M - temporary variable

49.6 Equations Used

See Ref. 1, Section 6.2

See Ref. 1, Appendix C for Refraction Correction
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50, Subroutine ONOBS"

50.1 FPurpoge
This subroutine computes the on-board observations in the Minimm Variance
link:,

50.2 Method
The rclative location of the vehicle with respect to planets and stars is

used to compvie “he proper observation-value.

50.3 Erogram Referenceg
50.3.,1 ONOBS is called by:
STATB1

50432 ONOBS calls

DDOT, FIX, FIORNG, SERVCE, STAPCS

50.4 1/0 Data

50e4s1 Inputs from COMMON
CFOS, PI, RC, STAC, STAOR, TWOPI
EBRMIT, IGUESS, IMDE, ISTAR, LTEMP, MAXLUN, MPLUS1, MPLIS2, MIHEF,
XCDST, ONE, POSLUN, RADIT, RMEAN, STAR, STATYP, TEBAR, TWO

50e4¢2 Outputs to COMMDN

DELY, FBAR, OBSPLS, STALN, STALT, YCOM, YCBS, YRTEMP, YTEMP
DATTYP, FBRVAL, KM, KSTA, NUMDAT

50¢4e3 Other Imputs and Outputs
None

50.5 Symbols Used
50.5.1 OMMDON Symbols

TPMATZ, TriTYW
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50,52 Other Symbols
KJ - flag
KP - flag
KX - index for S" IR array
M « index for data type
NUMDIT -~ saved NUIDAT
RTEMP -~ temporary storage.

RTEMP1 - temporary storage

50.6 Eguations Used
See Ref. 1, Section 6.
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51s Subroutine ONFTL

51.1 [Eurpose
This subroutine computes the on-board partials of observations with respect

to vehicle position and velocity for the Minimm Variance link,

50.1.2 lMethod
"o rou of the M matrix (SAVELl) is done carresponding to the type of
measurenent in which the first 3 columms correspond to the positiori vector and

the secand 3 to the velocity vector,

53«3 Erogram References
51.3.1 ONPI1 is called by:

STATB1
51.3.2 ONPIL calls:

DDOT, SERVCE

51.4 1/0Datg

5141 Inputs from COMMON

CPOS, OBSPLS, RC, RDC, STAC, YCOM, YRTEMP, YTEMP
IXADD(16), MPLUS1, MPLUS3, MIREF, NUMDAT, RADII, TWO

5142 Outputs to COMDN

SAVELl
NUMDAT

51e4e3 Other Inputs and Outputs
None

51«5 Symbgls Used
51.5.1 COMMDN Syubols
TPMAT,, TPMAT6, TPMAT7, TPMATS, TPMATQ
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51,5.2 Other Symbols
ICOL - current column
IROW - current row
JTIMWG: current type - 16
KTYPE -« index

51.6 Eguations Uged
See Ref. 1, Section 6.3.4.
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52, Subroutine PiSMB1 (IFLAG)

52.1 FPurpose
This subroutine computes the S, S.l or state transition matrix depending
on IFIAG,

52.2 Mathad
When IFLAG = 1, compute S is SMAT
When IFIAG = 2, compute S-l in SMAT
When IFLAG = 3, compute state transition
Matrix in ALAMI, If KOMP = 4, wity mtrix
In Bayes statistics, when KOMP = 0, the State Transition Matrix is stored
in STAT. It is the accumilated matrix from time O, rather than from the last

data point as is done in Minimm Variance,

52.3 Irggran References
52.3.1 PASMB] is called by:

BAYSB1, INPTB1, STATB1
52.3.2 PASMB1 calls:
DDOT, DMIML, DOMUD, SERVCE

52.4 1/0 Data

52.4.1 Inputs from COMMON
BETA, EF1, EF2, EF6, EF7, HMU, RC, ROC, RDI, RDTB, RI, RTB, SQTMU, TBF,
TBFD, TBG, TBGD, XFAC
ISTAT, KOMP, M6, MPLUS1, MPLIS, , ONE, TWO

52¢4e2 Outputs to COMMON

AIAMl, RDTB, RTB, SMAT, STAT
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53.4.3 Other Inputs
IFIAG
52.4.4 Other Outputs
None
52.5 Symbols Used
52.5.1 COMMON Symhols
TFMAT, TEMAT1, TPMAT2; TPMAT,, TPMAT5, TPMATé, TPMATS, TFMT10, TPM11
52.5,2 Other Symbols "

PART1 - BCD Word = PASMB1
SMAT] - BCD Word = SMATB1

52.6 Equations Used
S'Qo R‘f. 1, Section 5.
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53. Subroutine PB1A (NON)

3.1 Purpose

This subroutine prints out pertinent trajectory information.

3.2 Method

Tf TMODF = 5 or 6, printing is automatically carried out.
'n all other modes, the subroutine must determine whether it is
a print time. If so, it then checks the first 3 values in the
IPSEC arresy. For any non-zero values, the corresponding section
is printed. If the value of NON is non-zero, and any of the rest
of the iPSEC array are non-zero, subrbutine PTBl is called to
prini the other sections.

70 determine whether it is a print time, the subroutine
first checks to see whether the present time is within the print
pbrtion (DTPI1) of the total print period (TAU). If not, no
printing occurs. If so, it next checks the value of the print
interval within DTPI (PRATE). If it is negative it automatically
prints. If positive and it is the first time into the present

print period, printing occurs. Otherwise, no printing is done.

'53.3 Proaram References
53.3.1 PBIA is called by:

BAYSB1, MAINBI
53.3.2 PBIA callss

PTB1

53.4 1I/0 Data

33~1



53.

23.

53,

3] 3 °

53.

53.

53.

4.1 Inputs from COMMON
DTP, RC, RDC, SCALE, T, TMAX, TP
DTPI, FPK, IMODE, IPSEC, MPLUS1, MPLUS4, NUMT, NYEARP,
PRATE, PVALPH, SIXTY, T/uU, TP, TWT4, TZFRO
4,2 Outputs to COMMON

TP
FKPR, KPRINT, NUMT

4,3 Other Inputs
NCN
4,4 Other Outpats
See Hef. 2, Section 3.2.1 for description of 1lst 3 sections

of printout.

.5 Symbols Used

5.1 COMMON Symbols
TPMAT4, TPMATS
5.2 O@hér Symbols
‘ETAU - fractional part of the print period (TAU)
IPNT - indicator for current section
KPR - indicator to determine next print time
NUMTAU - number of print period being processed

POST - positive value of T

6 Equations Used

None
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53.7
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54. Subroutine PRNTB1 (KOOK)

.54.1 Purpose

This subroutine prints out statistical information.

LAV

54.2 Method
After determining that it is a print time from KPRINT, the
subroutine checks KSECPR (KOPT, KOOK). If the value is non-zero,

the corresponding section is printed.

54.3 Program References

PRNTB]1 is called by:

BAYSB1l, STATB1

54.4 I1/0 Data

54.4,1 Inputs from CbMMON
ALAM1, ALMAT, CONST, DELALP, DELX, DELY, EBAR, SAVEL1,
SCALE, SMAT, STAC, STAT, T, YCOM, YOBS
DATTYP, KOPT, KPRINT, KSECPR, KSTA, MFLAG, NUMDAT, PVALPH
54.4.2 Outputs to COMMON
None
54.4.3 Other Inputs
KOOK
54,.4.4 Other Outpgts'

See Ref. 2, Section 3.2.2

54.5 Symbels Used

54.5.1 COMMON Symbols

. TPMAT4
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54.5.2 Other Symbols
DATYPE (4) - packed OBTYPE array
K - index for data type
OBTYPE (25) - BCD data array for the 25 types
OBUNIT (25) - BCD data array for the units of each of the
25 types

54,6 Equations Used

None
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..55.1' Purpose
‘ This subroutine prints out pertinent traj ectory-information.
55.2 Method
Checking each of the 4th through 10th values of the IPSEC array, if any
is non-zero, the corresponding section is printed.
55.3 Program References
55.3.1 PTBl is called by:
PB1A -
55.3.2 PTB1 calls:
DDOT, DOMUD, SERVCE

55.4 1/0 Data
55.4.1 Inputs from COMMCI _

CrOS, CRAD, CVEL, DIN, EPSSQ, GAMM, PRENST, RC, RKiC, SCALE, T, TWOPI

CWLIN, MINUS1, M?T.i'iSI, MPLUS2, MPLUS4, MWREF, ONE, PVALPI, TWO
55.4.2 Outputs té COMMON

MU, SQTMU

AMUD -
55.4.3 Other Inputs

None
55.1;.1; Other Qutputs

See Reference 2, Section 3.'2.1 for descriptions of sections 4 through 10.
55.5 Symbols Used
55.5.1 COMMON Symbols

TPMAT,, TPMAT5, TPMAT6, TPMAT7, TPMATS, TEMATO
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55.5.2 Other Symbols
ESPAL(4,7,2) - (Data) - BCD words for ﬁse in printing S‘ction 5
IPNT - Current print section being procesaedA
IT - Temporary storage
NCODE - Index for CPOS and CVEL in printing Section 9.
0SCUL1 - BCD word = OSCUL1 '
0SCUL2 - BCD word = OSCULZ2
PVAL(4,7) - (Data) - BCD words for use in printing Section 5.

55.6 Equations Used
Subsatellite point and osculating element computations follow standard

procedures.
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56, Subroutine PTISBl1

56,1 Rurpose
This subroutine computes the ground station partials of the observations

with respect to the vehicle position and velocity,

56.2 Mgthod
The matrix is stored in SAVEILl,

56.3 Program References
PTISB1 is called by:

STATB1

56.4 I1/0 Data

56e¢4¢1 Inputs from COMMDN

COMB, CFRT, DELY, FRQ, GHA, OBSPIS, ORM, OVB, RCMSC, YCOM, Y(BS, Y(BSNU
DATTYP, EBAR, EBRVAL, FUP, KSTA, MPLIS1, MPLUS4, NUMDAT, TWO

56.4.2 Outputs to COMMDN

DELY, SAVEL1, YOBS
AREJ, DATTYP, EBAR, EBRVAL, NUMDAT

56.4.3 Other Inputs or Outputs

None

56.5 Symbols Used
56.5.1 COMMON Symbols
TPMAT8
' 56.5,2 Other Symbols
CA - cosine of computed asimuth

CE -~ cosine of computed elevation
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CX - temporary storage

DIDA - temporary storage
DXDE - temporary storage

SA - sine of azimuth

SE - sine of elevation angle
SEA - temporary storage
SKA - temporary storage
SEE - temporary storage
SX X - temporary storage

TE - tangent of elevation angle
TRH2 - temporary storage
TRM - temporary storage
XITEMP — temporary storage

XX ~ temporary storage

ILOL = current colum

IROW -« current row

J = Index »

JIYPE = current data type being processed
KX - saved NUMDAT

M - index of data type

NUMDIT - saved NUMDAT

56.6 Eauaticns Used
See Ref, 1, Section 6.3
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57. Subroutine RENIN

This is a dummy subroutine which will cause the system to rewind the overlay
tape. It is called by the Minimm Variance statistical program when it is a
print time with no observations., When there are observations, the observation

programs will autamtically rewind the tape,
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58, Subroutine SBSRB1l

This subroutine camputes the ground station observations. It is included
in the link for least Squares statistical processing.
This subroutine is an exact duplicate of OBSRBl (for a camplete writeup,
see 49. ), and has been put in due to the overlay structure.
| SBSRB1 is called by:
| BAYSB1
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59. Subroutine SNIES

This subroutine computes the on-board observations in the Least Squares
statistical processing link,
The subroutine is an exact duplicate of ONOBS (for a complete writeup
see 50. ), and has been put in due to the overlay structure.
' This subroutine is called by:
BAYSB1



60, Subroutine SNFTL

This subroutine computes the on-board partials of the observatioms with
respect to the vehicle position and velocity. It is included in the link far
Least Squares statistioal processing.

This subroutine is an emact duplicate of ONPTL (for a complete writeup,
see 51. . ), and has been put in due to the overlay structure.

INPTL is ealied by:

BAYSB1




(1. Subroutine STATBI

6l1.1 Purpose
This subroutine provides the major logic for solution of the
crbit determination problem by the use of the minimum variance

method.

6i.2 Method

This subréutine provides the logic for accruing information
st a data point. The covariance matrix before processing of the
data is updated between points in MAINBl. Other logic is proVided
for the miss coefficient and propagation of error modes.

Sce Section 2.0 of this manual for a description of the flow

petweon the MAINBI1, STATB1, SUMARY and FXECB1 routines.

61.3 Program References

61.3.1 STATB1l is called by:
MAINB1
©1.3.2 STATR1 callss

DALFA, DMTML, DOMUD, MATINV, OBSRB1, ONOBS, ONPT2, PASMBI,
PRNTB1, PTLSB1, REWIN, SYMMAT

61.4 1/0 Data

61.4.1 Inputs from COMMON

ALAM1, DELX, DFLY, EBAR, QSAVF, SAVFL1, SMAT, STAT, YOBS,
YOBSNU

DATTYP, EBRVAL, IMODE, IPS, IQZFRO, IRDATA, IRT, ISUMRY,
KSTA, M6, MFLAG, *WINUS1 . MPLUS1, MPLUS2, MPLUS3, MPLUS4,
NUMDAT, ONE, PASS, PAST,pspACE, REJCT1, REJCT2, USFTYP

61.4.2 Outputs to COMMON

DELALP, DELX, DELY, EBAR, STAT
AREJ, BMAT, EBRVAL, ITER%, KOMP, KTAB, NUMDAT, NUT
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61.4.3 Other Inputs
None
61.4.4 Other Outputs
61.4.4.1 Rejection Information - print on L.T.3
11, BMAT (11, 1), YCOM (11), DELY (N)
where II is the number of the observation type
and N is the index for the packed DELY
61.4.4,2 Summary tape information - binary on L.T. 10
T, KSTA, ICOUNT, (BMAT (1, 2), I =1, 25) (BMAT (I, 1),
1 -1, 25), AREJ
61.5 Swvmbols Used
61.5.: COMMON Symbols
ALAMl,'ALMAT, SAVEL1, SMAT
61.5.2 Other Symbols

AMINV1 - BCD word = STTBIA

AMINV2 - BCD word = STTBIB

FSGM - current multiplier for determining variance level
above which data is to be rejected.

IT - flag
N - index

NUMDTT - saved value of NUMDAT

61.6 Equations Used

See Ref. 1, Section 5
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61.7 Flow Diagram - STATB1
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61.7

Flow Diagram - STATBI Continued
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62, Subroutine STISB1

This subroutine computes the ground station partials of the observatioms
with respect to the wvehicle position and velocity. It is included in the link
for least Squares statistical processing.

This subroutine is an exact duplicate of PTISBl (for a complete writeup,
see 56. ), and has been put in due to the overlay structure.

STISB1 is called hy:

BAYSB1




63, Subroutine SUMARY(KTAB)

63.1 Iurpose
This subroutine readsin the summary tape and prints information out in the

proper format.

63,2 Mathod
The tape is read in 6 times to check for each of the following typess=

1.
2.
3.
be
5
6.

X, Y, Range, Range rate,

Right ascension, Declination, 1 and m direction cosines.

Azimith, Elevation, Range equivalent, Range rate equivalent.
One-wmy doppler, Two-way coherent doppler, Two-way peeudo doppler.
Range angle, Flanet—to-planet angle, Star-to-planet angle.
Star-to-landmark angle, Iandmark-to-landmark nngle, Ccctiltation.

Fach of these types is printed out in proper units and format with 57 lines

on each page.

63.3 Erogram References
STUMARY is called by:

Bl - EXECB1
B2 ~ B2EXEC

63.4 1/0 Data
63.4.1 Inputs from logical tape 10.

T -~ double precision time of data point

KSTA - station at which the observation is made

L OUNT - correct numbe. of the data point on the tape

SCOM - the 25 camputed .. :ervations

SOBS - the 25 cbserved valuee

AREJ - 25 BCD words for whether pt. has been rejected
63 -1




63.4.2 Outputs
TEMP1(25) - root mean square of each type
63.4.3 Other Inputs

KTAB - the total number of data points on the tape

63.5 Symbols Used
IA - index for first data observation in a group
B - index for second data observation in a group
T - index for third data observation in a group
ID - index for fourth data observation in a group
IKTAB - flag for titles |
TICT - indicator for a new page within a group
IRTB - indicator for which group is being considered.
Jd - index
NLINE - counter for lines on a page
PAST - BCD word = % - for checking AREJ array
RACON =~ conversion factor
SUM - summation to check for printing

TEMP2(25) - summation of number of points in a type

- 63.6 Eguations Used

None
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64, Subroutine SYMMAT(A,N,M) .

64.1 Purpose
This subroutine symmetrizes a matrix 2.

6.2 Method
See "Equations Used",

63.3 Irogranm References
SYMMAT is called by:

Bl - BAYSB1, STATB1
B2 - BYSB2, STTB2

64.4 1/0 Data
64e4el Inputs

A - matrix to be symmetrized

N - actual square dimension of A

M - square dimension of A to be symmetrized
64 ¢4e2 Outputs

A -~ the input matrix symmetrized

64.5 Symbols Used

None

A
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65. Subroutine B2BOB

This subroutine is essentially the same as subroutine ONOBS(50.).

The differences, which arise from the fact that it is used in a

different program mode, are:
a) Tt is used in the lLeast Squares link (see SNOBS(59).).

b) B2BOB is called by
BYSB2

¢) B2BOB calls

STPSB2 rather than STAPOS.




66, Subroutine B2BTIS

This subroutine is essentially the same as subroutine CNPTL(51.).

The differences, which arise from the fact that it is used in a

different program mcde, are:
a) Tt is used in the Least Squares link.

b) Fquations used for computing the partials are different in

form but equivalent in content.

¢) Variable B20NP - BCD word = BPTIS.




67. Subroutine B2FPHM

This subroutine is essentially the same as subroutine
EPHEM (22.).

The differences, which arise from the fact that it is used
in a different program mode, ares

a) it is called by CBCHRF, CB2DER, EBCHRF, EB2DER, B20CUL

b) the variables TPMT11l, and TABLE are contained in the
BLOCK COMMON -~ EPHEM )
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68. B2EXEC

68.1 Purpose

This is the executive program for the B2 mode.

68.2 Method

Logic is included in the routine for controlling the calls to
B2MAIN, SUMARY énd B2INPT. The logic includes control of both
the BAYES and STAT statistical roufines especially when a summary

is requested.

68.3 Program References

B2EXEC callss

B2INPT, B2MAIN, SUMARY
by

[}

68.4 1I/0 Data'

68.4.1 Inputs from COMMON

AMUD, FIRST, INPERR, ISTAT, ISUMRY, KLAST, KTAB, MPLUSI,
NOET, NT

68.4.2 Outputs to COMMON
FIRST, IXADD (11), NT
68.4.3 Other Inputs and Outputs

13
None

68.5 Symbols Used

None

68.6 Equations Used

None
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68.7 Flow Diagram - B2EXEC
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69. Subroutine B2INPT

69.1 Burpose

This subroutine reads in all data necessary for one run.

69.2 Mathod
The subroutine initializes necessary data and reads in sections desired.

Depending on the input quantity KSTDRD, certain variables are either read in

or set up to nominal values within the program.

Due to the shortage of core storage, the array STAT(26,26) is placed
in a labelled COMMON block and used in a lower programming link. Communication
between Input and statistics is therefore attained by use of tape 11. For
stacked cases, after the first entry to BRINPT, the program reads in STAT

from the tape.

€9.3 Program Referanges

69.3.1 R2INPT is called by:
B2EXEC

69.3,2 B2INPT calls
B2PASM, DMTML, DMUDBE2, FIX, MATINV, SERVCE, XFRMB2

69.4 1/0 Data

69.4.1 Inputs from COMMON
IXADD(11) - used for reading the matrix STAT from logical tape 11

69.4.2 Outputs to COMMON
INFERR
plus all initialised and inputted data

-1




69.4.3 Other Inputs
69.4.3.1 For a complete listing of the data deck, see Ref, 2, Section 2.3

69.4.3.2 The matrix Q is read from logical tape 11 in modes 1, 2, and 3

from the previous run, (depending on IXADD(11) ).

(sTAT(1,J), J =1, NBST ) - NBST records

69.4.4 Other Outputs

69.4.4.1 A printout is made of all input quantities

69.4.4.2 The matrix Q (Q~! in Least Squares Mode) is written on logical

tape 11 in modes 1, 2, and 3

(STAT(1,J), T =1, NBST ) - NBST rscords

69.5 Symbols Used

69.5.1 COMMON Symbols

TPMAT/, TPMATS, TPMATO

69.5.2 Other Symbols
DYNARR(60) - (Data) - nominal values of dynamic states

SCAL(3,7) - (Data) ~ the matrix from which the array SCALE
is chosen, depending on IUNIT

TZ - time from start of launch day

ALPHA(3,7) - (Pata) - matrix from which the array PVALFH ig
chosen, depending on IUNIT

CDN(40) - (Data) - standard coefficient of drag table, from which
CDT is set up
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DAYN - number of days from January 1, 1960 to start of Jaunch year
ICMN - index for correct C =~ in the NYN array

IGGSD - inttial puens for random mmber generator

IPR(8) - (Data) - array of alphameric titles

IR - index to te’]l how many records to skip in order to bring
Ephemeris tape up to current time

IR2 - temporary variable for printout of input
ISMN - index for correct S . in the DYN array
ITITLE(12) - Array read in for title of rum

IW - temporary variable for printout of input
PASTD - data word for setting PAST

PSPACD - data word for na*t;ting PSPACE

RECT1 - BCD word = RECT1

XMACHN(40) - (Data) - standard Mach mmber tables from which
XMACH is set up

9.6 Eayaticps Used

When P matrix is read in, transformation to the Q matrix is as
follows:

o = s1 peT

69.7 Elow Diagram
See INPUTA(26.7)




70. Subroutine B2KEP

This subroutine is essentially the same as subroutine

KEPLER (27.).

The difference, which arises from the fact that it is used

in a different program, is that it is called by EB2DER,
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71A. Subroutine B2 MAIN

This subroutine controls the flow between the integra-
tion and Minimum Variance statistical portions of the program. 1Its
flow is essentially the same as that for subroutine MAINB1l, fol-
lowing the Minimum Variance blocks, with the exception that

a) No powered flight is included

b) Due to bias error inclusion matrix manipulation is

done by partitioning (see page 12).

T1A=]




71B. Subroutine B2MAIN

This subroutine controls the fiou between the integra-
tion and Bayes Least Squares statistical portions of the program.
Its flow is essentially the same as that for subroutine MAINBI,
following the Least Squares blocks, with the exception thats:

a) No powered flight is included

b) The procedure for writing a truncated data set on

tape 11 is:
WRITE (11) T,RC,RDC,MWREF
~ DO 300 1=1,6
WRITE (11) (SMAT(I,J),J=1,6)
300 WRITE (11) (SAVEL2(1,J),J=1, NDSV3

c) The procedure for writing a complete data set on

tape 11 is:

WRITE(1l1) T,RC,RDC,MWREF,ICOUNT,LTEMP,LTEMP],
IPLNT,TKRAW,DATA

DO 301 I=1,6

WRITE (11) (s™aTt(1,J),J=1,6),CPOS(I,IPLNT),
CVEL(I,IPLNT)

301 WRITE (11) (SAveEL2(I1,J),J=1,NDSV8)
d) Due to bias error inclusion, matrix manipulation 1is

done by partitioning (see page 12).

71B-1




72. Subroutine B2NUT(K) -

This subroutine is essentially the same as subroutine NUTPRE(30J.

The differences, which arise from the fact that it is used in a

different program mode, are:

B2NUT is called by
CBMNOB rather than CMNOBP .
CBOBDG rather than COBDRG
EBMNOB rather than EMNOBP
EBOBDG rather than EOBDRG

STPSB2 rather than STAPCS

B2MAIN - both versions



73. Subroutine B20B0S

This subroutine is essentially the same as subroutine ONOBS(50.).

The differences, which arise from the fact that it is used in a

different program mode, are:

a) B20BOS is called by
STTB2

b) B20BOS calls

STPSB2 rather than STAPOS
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74. Subroutine B20CUL

This subroutine is essentially the same as subroutine STACUL(38.).

The differences, which arise from the fact that it is used in a

different program mode, are:

a) B20CUL is called by

B2MAIN (both versions)

b) B20CUL calls
B2EPHM rather than EPHEM

B2KEP rather than KEPLER
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75. Subroutine B20NFL

This subroutine is essentially the same as subroutine ONPTL(51.).

The differences, which arise from the fact that it is used in a

different program mode, are:

a) Equations used for computing the partials are different in form

~ but equivalent in content.

b) Variable B20NP - BCD word = B20NPL.




76. Subroutine B2PASM(IFLAG)

..ib.l Purpose

This subroutine computes the S, S~! or State Transition
Matrix depending on IFLAG.

76.2 Method

When IFLAG = 1, compute S in SMAT
Wwhen IFIAG = 2, compute S~ in SMAT
When IFLAG =

3, compute State Transition Matrix
- Upper left 6 x 6 — in ALAM] ‘
- Upper right 6 x (NDB) in ALAM2 (packed)
If KOMP = 4, ALAM1 = I, ALAM2 = 0
In Bayes statistics, when KOMP = 0, the Stste Transition Mstrix
is stored in SMAT (6,6) and SAVEL26G,NDB). It is the accumulated
matrix from time O, rather than from the last dats point as done
in Minimum Variance.
76.3 Program BReferences
76.3.1 B2PASM is called by:
B2INPT, BYSR2, STTB2
76.3.2 B2PASM calls:
DDOT, DMTML., DMUDB2, SERVCE
76.4 1/0 DATA
76.4.1 Inputs from COMMON
AL MAT, BETA, DYN, EF1, EF2, EF6, EF7, HMU, RA, RC, RDC, RDI,
RDTB, RI, RTB, SAVEL2, SQTMU, T, TBF, TBFD, TBG, TBGD,
TI, XFAC

ISTAT, KOMP, M6, M20, N26, MCOI.. MPLUS1, MPLUS3, MPLUS4,
MWREF, NCSB, NDB, NDSVB, OFFSET, ONE, THREE, TWO
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76.

76.

76.

76.
76.

76.

76.

76

76.

dynamic bias considered.

76.6.3

6

.6.1

6.2

Outputs to COMMON
ALAM1, ALAM2, RDTB, RTB,
Other Inputs
IFLAG
Other Outputs
None
Symbols Used
COMMON Symbols
SAVEL.l, SAVEI 2, TPMAT4,

Other Symbols

SMAT

TPMATS, TPMAT6, TPMATS8, TYMATY

IMATCH - Index of current column being computéd in ALAM2

INDEX - Column number of first dynamic bias

PART1 - BCD word = B2PASM

SMAT1 - BCD word = SMATB2

Equations Used

Seé Ref. 1, Section §

ALAM2 (1,J) is the partial of X with respect to the J-th

+ -
offset (J)

In program symbols, it is given by

When the bias type being considered is the gravitationasl

~constant of the reference body, the column of ALAM2 corresponding

to this bias is

position elements -

velocity elements -

T6-2

Rya (T) = é;(:)-(v-n) ~R; (1)
PYM ( MWREF + 39)

Rrg (1) ~ Ri(D
DYn (MWREF +31)




76.6 FLOW DIAGRAM - BRPASM
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77. Subroutine B2PLST

77.1 Burpose

This subroutine computes the ground station partials of the
observations with respect to the vehicle position and velocity and the
off-nominal states. It is included in the link for Least Squares statistical

processing.

77.2 Method

The program first checks to gsee vhether any further rejection is
necessary. It then proceeds to compute the appropriate partials of the
first type, storing them by columns in row 1 of SAVEIL2, If there are
additional data types, they are computed and stored in succeeding rows,

up to a maximm of 4.
77.3 Program References

77.3.1 B2FLST is called by:
BYSB2

77.3.2 B2PLST calls:
DDOT, DMTML, DMUDB2

77.4 1/0 Data

77.4.1 TInputs from COMMON

CoMB, FRQ, GAM, GHA, HMU, OBSPLS, ORM, OVB, RC, RCMSC, RDC,
STAC, STAOR, WE, XNCY, YCOM, YOBS, YOBSNU |
AREJ, DATTYP, FUP, KM, KSTA, M6, M26, MCOL, MPLUS1, MPLUS3,
MPLUS4, NBST, NCDST, RQMBl, NCOMB, NCSB, NSB, NUMDAT, ONE,

PSPACE, TWO



77.4.2 Outputs tc COMMON

DELY, EBAR, SAVEL2
AREJ, UATTYP, EBRVAL, NUMDAT

77.4.3 Other Inputs and Outputs

None

77.5 Symbols Used

TEMAT1, TPMAT2, TPMAT4, TPMATS, TPMAT6, TPMAT7, TPMATE, TEMAT9

77.5.2 Other Symbols
CA, CB, CD, CE, CG, CX - cosine variables

CMAG -~ magnitude of position vector from center of earth
to station

DXDA - temporary varlable

FRS - temporary variable

SA, SB, SE, SEA, SECA, SECE, SG, SX, SXCX - trigonometric variables

TE, TNH2, TORM, TPHI, TRRS - temporary variables

TERMM - the current partial

VALC1, VALC2, VALDT, VALPD, VALPR, VALPRR, VALT7, VDA, VOE -
coefficients used in computing partial

BTL1 - BCD word = BRPLST

I6, ICODE, ISWTCH, NCODE - flags for current bias type

ICOL - current column number

IROW - current row number

JTYPE- current data type being proocessed

KX - saved NUMDAT

NUMCD -~ index

M - index of data type
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NUMDTT - saved NUMDAT

PASTD - BCD word = §

77.6 Eapations Used
See Ref. 1, Section 6.3
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78. Subroutine B2RECT

This subroutine is essentially the same as subroutine RECT
(354) .
- The differeﬁﬁész whi;h arise from the fact that it is
used in a different program mode, ares

a) CWLIN is not in BLANK COMMON in the B2 mode.
It is initialized elsewhere.

b) B2RECT is called by
B2MAIN, EBITG
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‘ . 79. Subroutine B2STOB

This subroutine is essentially the same as subroutine OBSRB1(49.).

The differences, which arise from the fact that it is used in a

different program mode, are:
a) Tt is used in the Bayes Least Squares 1ink.

b) ‘Refraction hiases are includer.
The 6 nominal refraction states (STAOR) are stored in T1 (1-6).

The nominal case is computed first, then each of the biases.

b.1) COMMON Variables added

DELP, KCOM, M5, MCOL, NCOMB, NSB, PARTD, PARTR, PARTRR

b.2) Other Variables

IC -~ index for bias type for ICP

0, no bias

ICP(6) - flag for refraction biases
: 1, want bias

KKT - counter of which bias being considered

KT - flag for whether the nominal or a bias is being
considered

c) B2STOB ia called by
BYSB2

d) B2STOB calls
MDLB2 rether than MODELA

STPSB2 rather than STAPOS.
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80. Subroutine BPRA2 (NON)

This program is essentially the same as subroutine PBIA (53.).
The only difference, which arises from the fact that it is
used in a different program mode, is that it calls BPTA2 rather

than PTBl.
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81. Subroutine BPRB(KOCK)

81.1 Purpoge
The subroutine prints out statistical informatiom.

81.2 Mathod

After determining that it is a print time from KPRINT, the subroutine
checks KSECPR(KOPT, KOOK), If the value is non-sero, the corresponding
section is printed.

81.3 Frogram References
BPRB is called by:
BYSE2, STTE2

81.4 I1/0 Data

8l.4.1 Inputs from COMMON
ALAMI, ALAM2, AIMAT, CONST, DELALP, DELX, DELY, EBAR, SAVEL2, SCALE,
SMAT, STAC, STAT, T, YCOM, YOBS

DATTYP, ILUNE, IFLNT, ISTAR, KOPT, KPRINT, KSECPR, KSTA,
MFLAG, NBST, NDB, NDSVB, NUMDAT, PVALPH, SPADD(8}, STANM

81 0402 Outputa to COMMON

None

81.4.3 Other Inputs
KOOK

8l.4.4 Other Outputs

See Ref. 2, Section 3.3.2.

81.5 Symbols Used

81.5.1 COMMON Symbols
TRMAT4, TPMATS



81.5.2 Other Symbols
DATYPE(Z) ~ packed OBTYPE array
KJP - flag for on-board type
NPl - star mmber for printout (on-board system)
NP2 - station number for printout (on-board system)
OBTYPE(25) - BCD data array for the 25 types

OBUNIT(25) - BCD data array for the units of each of the 25 types

81.6 Eauations Used

None

81.7 Flow Diagram

See PRNTB1(54.7).




B2. Subroutine BPTA2

This subroutine iIs essentially the same as subroutine
PTB1 (55.).

The only difference (in the write-up), which arises from
the fact that it is used in a different program mode, is that

it is called by BPRA2 rather than PBIlA.




83. Subroutine BPTLS

This subroutine computes the ground station partials of the
observations with respect to the vehicle position and velocity and the
off-nominal states. It is included in the link for Minimm Variance

statistical processing.

This subroutine is an exact duplicate of subroutine B2PLST(77.),

and has béen put in due to the overlay structure.

BPTIS is called bys

STTB2
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84. Subroutine BYSB2

This subroutine is essentially the same as subroutine BAYSB1(42).

The differences, which arise from the fact that it is used in a different

program mode, are:

")
N

bias errcrs are included in the celculations. Therefore, the variables
defining these are needed as inputs to fhe program. Upon completion
of the program, new nominals are stored in their respective locations

of the COMB, STAOR and/or DYN arrays.

b) BYSE2 is called by
B2MAIN

c) BYSB2 calls
DIFB2 rather than DALFA
B2PASM rather than PASMBl
BPRA2 rather than PBlA
BPRB rather than PRNTBl
B2STOB rather than SBSRBl
B2BOB rather than SNOBS
B2PIST rather than STLSB1
B2BTLS rather than SNPTL

d) The first record of the nominal tape, for both Preconvergence and Post

Convergence Modes is read and written as:

(sTAT(1,J), I =1, NBST) - NBST TIMES



e) The complete data set in the Preconvergence Mode is:

e.1) T, RC, RDC, MWREF, ICOUNT, LTEMP, LTEMF1, IPLNT,
TKRAW, DATA

e.2) (ALAMI(I,J), J =1,6), CPOS(I,IPLNT), CVEL(I,IPLNT)

e.3) (ALAM2(I,J), J =1, NDSVB)
0.2 and e.3 are written and read in a D0 loop for I = 1,6

) The truncated data set in the Post Convefgence Mode is read as:
£.1) T, RC, RDC, MWREF '
£.2) (atam(1,J), J = 1,6)

£.3) (ALam2(1,J), J =1, NDSVB)
£.2 and f.3 are read in a DO loop for I = 1,6.




85. Subroutine CBRDER

This subroutine is essentially the same as subroutine CDERIV(3).

The differences, which arise from the fact that it is used in a different

program mode, are:

a,.

CB2DER is called by:

CBNT

CB2DER calls
B2EPIM rather than EPHEM
CBMNOB " "  CMNOBP
CBMVDG " " CMVDRG
CBOBDG " " COBDRG

When computing off-nominal accelerations (KCOM>1), the gravitational
constant is saved and offset by the corresponding variable input array
OFFSET. The acceleration terms are stored in the BLOCK COMMON /CBL/
variable RAT(3,2,1) rather than RDDOT.
The following additional COMMON variables are used:
OFFSET -~ the values of the dynamic biases to be offset
KCOM - the indicator of the set of accelerations teing considered
MCOL - input array of code words of bias types
NSB, NCOMB -~ number of station-oriented and combination-type

biaser, respectively
NCODE - index of the gravitational constant being considered
The following additional internal variables are used:
SVST - saved gravitational constant
INN - index of which bias in the MCOL array

No powered flight accelerations are included.



86. Subroutine CBCHRF

This subroutine is essentially the same as subroutine
CCHREF (2.).

The differepqgs, which arise from the fact that 1t is used
in a different program mode, ares

a) CBCHRF is called by
CBITG

b) CBCHRF calls B2EPHM rather than EPHEM.
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87. Subroutine CBITG

This subroutine is essentially the same as subroutine

CITGRA (6.).
The differences, which arise from the fact that it is used
in a different program mode,are:
a) no powered flight is used
b) the Variable PURP is eliminated
(In flow chart follow path for PURP = 1)

c) LML does not exist in B2 mode
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88. Subroutine CBMNOB

This subroutine is essentially the same as subroutine
cMNOoBP (7.).

The differences,which arise from the fact that it is used
in a different program mode, are:

a) CBMNOB is called by
: CB2DER

b) CBMNOB calls B2NUT rather than NUTPRE.
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89. Subroutine CBMVDG

This subroutine is essentially the same as subroutine
CMVDRG (8.).

The difference, which arises from the fact that it is
used in a different program mode, is that it is called by

CB2DER.
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90. Subroutine CBNT(IENT)

90.1 Purpose
This subroutine is the Cowell integrator. Runge-Kutta integration
is used for short time integration and to start the Nordsieck long time

integration.

90.2 Method
The method is the same as for subroutine CINT(4.2) with the exception

that besides computing the nominal position and velocity vectors, it also
computes those for each of the dynamic blases and stores them in AIMAT

for use by the statistical portion of the program.

90.3 Program References

90.3.1 CBNT is called by
CBITG

90.3.2 CBNT calls
CB2DER

90.4 1/0 Data

90.4.1 Inputs from COMMON

DTI, OLDT, RAT, RC, RDC, T

IP, MPIUS1, MPLUS2, MPLUS,, NDBl, ONE, RTO, THREE
90.4.2 Outputs to COMMON

ATMAT, RC, RDC, T

IP, KCCM
90.4.3 Other Inputs

IENT




90,44 Other Outputs

None
90.5 Symbols Used

90.5.1 COMMON Symbols
SAVEL2, TPMATS

90.5.2 Other Symbols

BRG(6,6,21) ~ adjusted values of velocity and acceleration of

last six integration steps for nominal and dynamic
bias states.

H, RKA, RKB, RKC, RKFT, RKT, XK - see CINT (4.5)
BET, BETT, COEF, CT1, IGT, KE, KI - see CINT (4.5)

90.6 Equations Used
Runge-Kutta Gill method of integration
Nordsieck method of integration
See Ref. 1, Section 3.2.3

90.7 Flow Disgren
See CINT (407)0



91. Subroutine CBOBDG

This subroutine is essentially the same as subroutine
COBDRG.
The differences, which arise from the fact that it is used

in a different program mode, ares

a) CBOBDG is called by
) CB2DER

b) CBOBDG calls B2NUT rather than NUTPRE




92. Subroutine DLFB2

This subroutine is essentially the same as subroutine

DALFA (a3.).

The only difference (in the write-up), which arises from

the fact that it is used in a different program mode,

it is called by BYSB2 and STTB2.
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93. Subroutine DMUDB2 (TEST)

This subroutine is essentially the same as Subroutine
DOMUD (13.).

The only difference, which arises from the fact that it
is used in a different program mode, is that it is called by

many of the B2 mode subroutines.



94. Subroutine EBZDER

This subroutine is essentially the same as subroutine EDERIV(15).

The differences which arise from the fact that it is used in a different

program
a.

i b Ld

mode, are:
Powered flight is not considered.
EB2DER is called by:
EBNT
EB2DER calls
B2EPHM rather than EPHEM
B2KEP " *  KEPLER
EBMNOB " " EMNOBP
EBMVDG " " EMVDRG
EBOBDG " "  EOBDRG
When computing off-nominal perturbations (KCOMd> 1), the gravitational
constant is saved and offset by the corresponding value in the input
array OFFSET. The perturbation terms are stored in the BLOCK COMMON
/D1/ variable CWLIN(9,21) rather than CWLIN(9).
The following additional COMMON variables are used.
OFFSET - the values of the dynamic blases to be offset
KCOM - the indicator of the set of perturbations
MCOL - inpuf array of code words of bias types
NSB, NCOMB -~ number of station-oriented and combination
type blases, respectively
NCODE - index of gravitational constant being considered.
The following additional internal variables are used:
SVST - saved gravitational constant

INN - index of which bias in MCOL array
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95. Subroutine EBCHRF

This subroutine is essentially the same as subroutine
ECHREF (14.).

The differences, which arise from the fact that it is used
in a different program mode, are;

a) EBCHRF is called by
' EBITG

b) EBCHRF calls

B2EPHM rather than EPHEM, and
B2KEP rather than KEPLER
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96. Subroutine EBITG

96.1 Purpose
This subroutine serves as the sub-main program governing calls

to the integration subroutines in the Encke method.

96.2 Method

The program checks to see whether to change reference.
Depending on position, the deltas of integration and printing

are determined, and integration is performed up to 'T; .

96.3 Program References

96.3.1 EBITG is called by:
B2MAIN
96.3.2 EBITG calls:

B2KEP, B2RECT, EBCHRF, EBNT

96.4 1/0 Data

96.4.1 Inputs from COMMON
DT, DT3, OLDT, PRNT3, R1, R2, RC, RDTB, RT1l, RT2, RTB,
Cg%,TgWLIN, FPK, IDER, IP, IXAaDD (13), KOMP, KS2BY,
KSPLT, MPLUS1, MPLUS2, MPLUS3, MWREF, ONE, RTO, THREE
96.4.2 Outputs to COMHON

DELTP, DTI, OLDT, RC, RDC, SAVD, T, TD
CNT, IDER, IP, KOMP, KSTA
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96.4.3 Other Inputs and Outputs

None

96.5 Symbols Used
See CITGRA (6.).

96.6 [Equatjons Used

None

96.7 Flow Diagram
See EITGRA (18.7) for PURP = 1 and no powered flight test.

96-2




97. Subroutine EBMNOB

This subroutine is essentially the same as subroutine
cunNoBP (7 .).

The differences, which arise from the fact that it is
used in a different program mode, ares -

a) EBMNOB is called by
EB2DER ,

b) EBMNOB calls B2NUT rather than NUTPRE
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98. Subroutine EBMVDG

This subroutine is essentially the same as subroutine

EMVDRG (20.).
The difference, which arises from the fact that it is used

in a different program mode is that it is called by EB2DER.
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99. Subroutine ERNT(IENT)

99.1 Ruxpose
This subroutine ie the Encke integrator. Runge-Kutta integration
is used for short time integration and to start the Nordsieck long time

integration.

99.2 lMathod
The method is the same as for subroutine EINT(16.2) with the exception

that besides computing the perturbetions of the nominal position and
velocity vectors, it also computes those for each of the dynamic bias
states and stores all these vectors in AIMAT for ume by the statistical

portion of the program.

99.3 Erogram References

99,3.1 EBNT ia called by:
EBITG

99.3,2 EBNT calls:
EB2DER

99.4 1/0 Data

99.4.1 Inputs from COMMON

DTI, OIDT, RC, RDC, T

CWLIN, IP, MPLUS1, MPLUS2, MPLUS,, NDB1, ONE, RTO, THREE
M.4.2 Outputs to CCMMCON

ATMAT, RC, RDC, T
IP, KCOM



¥:.4.3 Other Inputs

IENT - see CINT(4.2

99,4.4 Other Inputs

None

99.5 Symbolg Used

99.5 ol COMMCN Symbols

SAVEL2
BMAT

99,5,2 Other Symbols

H, RKA, RKB, RKC - see CINT(4.5)

BRG(6,6,21) - adjusted values of perturbations of velocity and

acceleration of last 6 integration steps for nominal and
dynamic bias states

BET, BETT, COEF, CT1, IGT, KB, KI, RKFT, RKT, XK - see CINT(4.5)

99.6 Eguations Used

Runge-Kutta-Gill method of integration
Nordsieck method of integration
See Ref. 1, Section 3.2.3

99.7 Flow Diagram
See CINT(4.7)




100, Subroutine EBOEDG

This subroutine is essentially the same as COBDRG (9.).

The differences, which arise from the fact that it is used in a
different program mode, are:

a) EBOBDG is called by
EB2DER

b) EBOBDG calls
B2NUT rather than NUTPRE

EINTRP rather than CINTRP-

100 = 1




10l1. Subroutine MDLB2 (K)

This subroutine is essentially the same as MODELA (29).

The only difference, which arises from the fact that there
may be a refraction bias measurement, is that instead of using
the STAOR array, a temporary array Tl (dimensioned by 6) is

used which has been set up in the Calling program.
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102, Subroutine OBBSR

This subroutine is essentially the same as subroutine OBSRB1(49.).

The differences, which arise from the fact that it is used in a

different program mode, are:

a) Refraction biases are included.

The 6 nominal refraction states (STAOR) are stored in the
array Tl. The nominal case is computed first, then each of the

bilases.

a.l) COMMON Variables added

DELP, KCOM, M5, MCOL, NCOMB, NSB, PARTD, PARTR, PARTER

a.2) Other Variables
IC - index of bias type for ICP
ICP(6) -~ flag for each bias = 0, no bias

= 1, want bias

KKT -~ counter of which bias being considered

KT - flag for whether the nominal or a bias is being
considered.

b) OBBSR is called by

STTB2

c) OBBSR calls
MDLB2 rather than MODELA

STPSB2 rather than STAPOS
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103, Subroutine STPSR2

This subroutine is essentially the same as subroutine STAPOS(39.).

The differences, which arise from the fact that it is used in a

different program mode, are:

a) STPSB2 is called by
B2STOB, CBBSR

b) STPSB2 calls
B2NUT rather than NUTFRE,
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104. Subroutine STTB2

104.1 Rurpose
This subroutine is the main program for the Minimum Variance statistical

1link.

104.2 Method

The subroutine provides the logic for accruing information at a data
point. The covariance (Q) matrix before processing of the data is updated
between points in B2MAIN. Cther logic.is provided for the Miss Coefficient

and Propagation of Error modes.

Due to the shortage of core storage, the Q matrix (STAT(26,26) ) was put
in labelled COMMON/ CSTAT/ in a lower link. In crder to communicate between

this program and Input, the matrix was stored on logical tape 1l.

Two Q matrices are saved on this tape - the inputted Q and the grown (.
When beginning a new PASS, the inputted quantity IQZEKC is checked. If the

inputted Q is desired, that Q is placed as the second Q.

Upon ex*t from the program the tape is positioned at the beginning of

the second Q matrix.

See Section 2.0 cf this manual for a description of the flow between the

MAIN, STAT, SUMARY and EXEC routines.

104.3 FErogram References

104.3.1 STTB2 is called by:

B2MATN (Minimum Variance)

104 -1



104.3.2 STTB2 calls:

B20B0S, B2ONPL, B2PASM, BPRB, BPTLS, DLFBE DMTML,
DMUDBZ MATINV, OBBSR, REWIN, SYMMNT

104.4 1/Q Data

10444.1 Inputs from ¢t
ATAM, ATAMZ, ™. ., - S, W2, SMAT, YOBS
A’]"l‘YP TRRVAT,, IN( m, I}‘.), IQZ1RC, TRPATA, ISUMRY, KSTA, M5,
\Qé MCCL, MFLAG, MPLUS1, MPLUSZ MPLUSB MPLUSA, NCOMB

N«PB NDB NDBl, NDSVB,*NSB NUMDAT, ONE PAS% PAST, PSPACE
RhJFT] REJCT2

104.4.2 Outputs to COMMON

COMB, DELALP, DELX, DYN, EBAR, QSAVE, STAOR, STATE
AREJ EBRVAIL, ITERS, KCMP KTAB NUMDAT NUT

104.4.3 Other Inputs

The Q matrix is read in from logical tape 1l.
(sTaT{1,J3)y J =1, NBST) =~ NBST Fecorde
104.4.4 Cther Cutputs

104.4+4. 1 The Q matrix is again written out. Logical tape 11 contains,

on the first NBST records, the value of Q. The second NBST records contain

the updated Q. When beginning & new pass, the inputted quantity IQZERO is

tested to determine whether the new QO matrix will be the inputted Q or the

gromn Q. This Q is written on the second NBST records. The tape is then positioned

at the beginning of the second set.

104.444.2 Rejection information - on L.T. 3

II, BMAT(II,1), YCCM(II), DELY(N)
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vhere II is the number of the observation type

BMAT is the single-precision computed observation (YCOM)

and N is the index for the packed DELY

101..4.1.;3 Summary tape information - binmary on L.T. 10
T, KSTA, ICOUNT, (BMAT(I,2), I = 1,25), (BMAT(I,1), I = 1,25), AREJ

104.5 Symbols Used

ALAMI, ALAM2, ALMAT, SAVEL1l, SAVELI2, SMAT, TPMAT
BMAT, KCOM

104.5.,2 Other Symbols
AMINV1 -~ BCD word = STTB2A
AMINV2 ~ BCD word = STTB2B

FSGM - current mmltiplier for determining variance level above which
data is to be rejected

NUMDTT - saved NUMDAT

104.6 Eguationg Used
See Ref. 1, Section 5.

104 -3




104.7 FLOW DIAGRAM -~ STTB2
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105. Subroutine XFRMB2

’

This subroutine is essentially the same as subroutine XFORM(4l.).

The difference, which arises from the fact that it is used in a
different program mode, is that it is called by B2INPT.
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